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LABORATORY INVESTIGATIONS IN SUPPORT OF 
FLUID-BED FLUORIDE VOLATILITY PROCESSES 

Par t IX. The Fluid-bed Fluorination of 
Plutonium-containing Simulated Oxidic Nuclear Fuel 

by 

R. L. Ja r ry , A. V. Hariharan,* J. F ischer , 
M. J. Steindler, J. J. Stockbar, 

T. D. Baker, W. H. Gunther, 
and G. W. Redding 

ABSTRACT 

Fluid-bed fluorination of simulated oxidic nuclear fuels containing 
plutonium Avas investigated. This work was performed to determine the 
best reaction conditions for the conversion of the uranium and plutonium 
content of the simulated nuclear fuel to their respective hexafluorides. The 
experimental work involved the fluid-bed fluorination of mixtures containing 
U3O8, PuOj, nonradioactive fission-product (F.P.) element oxides, and alu
mina. The uranium-to-plutonium weight ratio in the mixtures was 1000:4, 
and the uranium-to-a lumina weight ratio was 1:2. The F .P . mixture con
tained the following oxides: La203, Ce02, Pr^Oji, Nd203, Sm203, EU2O3, 
Gd203, Y2O3, BaO, Zr02, and M0O3. 

The experimental resul ts showed that more than 99% of the uranium 
could be removed from the alumina bed at reaction tempera tures of 450-
500°C. However, a t empera ture of 550°C and a reaction time of 10 hr were 
needed to satisfactorily remove plutonium from the alumina bed. A 20-hr 
fluorination, employing periods of 5 hr at 450°C, 5 hr at 500°C, and 10 hr 
at 550°C, resulted in the removal of 96-98% of the plutonium from the alu
nnina. The recovery of plutonium can be further increased to >99% by reuse 
of the alumina bed for severa l additions and fluorinations of the U3OJ-PUO2-
F .P . mixture . 

The plutonium retention on the alumina was not affected by the type 
of U3O8-PUO2 powdered mixture, v^hether derived from a solid solution of 
UO2 and PUO2 or from an intimate mixture of U3O8 and PUO2. Other factors , 
which also had no effect on the retention of plutonium, included variation in 
the type of alumina used as bed mate r i a l (sintered or fused granules), the 
pa r t i c le - s ize range of the alumina, and the presence of s ta in less - s tee l de-
cladding products. However, the plutoniunn retention on the alumina was 
affected by the flowrate of the fluorinating gas and by the quantity of fission 
products or plutonium in the solid reaction mixture . 

*Affiliate, Institute of Nuclear Science and Engineering. 



A u t o r a d i o g r a p h s of s e c t i o n e d a l u m i n a g r a n u l e s f r o m an a l u m i n a 
bed u s e d for the f luor ina t ion of a U 3 O 8 - P u O z - F . P . m i x t u r e showed tha t the 
r e t a i n e d p lu ton ium was e x c l u s i v e l y in the s u r f a c e and not d i s t r i b u t e d in the 
body of the p a r t i c l e s . 

I. INTRODUCTION 

F l u i d - b e d f luor ide vo la t i l i ty p r o c e s s e s a r e be ing d e v e l o p e d for the 
p r o c e s s i n g of spent n u c l e a r - p o w e r - r e a c t o r fuel . One of t h e s e p r o c e s s e s 
is des igned to r e c o v e r u r a n i u m and p lu ton ium v a l u e s f r o m l o w - e n r i c h m e n t , 
s t a i n l e s s - s t e e l or Z i r c a l o y - c l a d , u r a n i u m dioxide fue l s . The A N L r e f e r e n c e 
f l owshee t ' for r e p r o c e s s i n g Z i r c a l o y - c l a d , UO2 fuel i n v o l v e s the fol lowing 
s t e p s : (1) r e m o v a l of the Z i r c a l o y c ladding by r e a c t i n g it wi th g a s e o u s 
HCl to f o r m vola t i l e ZrCl4, with subsequen t c o n v e r s i o n of Z r C l 4 to t he 
sol id oxide in a second v e s s e l by r e a c t i o n with s t e a m ( p y r o h y d r o l y s i s ) ; 
(2) f luo r ina t ion of the u r a n i u m and p lu ton ium oxides to the h e x a f l u o r i d e s , 
U F j and PuF^,; (3) s e p a r a t i o n of the PuF<, f r o m UF(, by t h e r m a l d e c o m p o s i t i o n 
of P u F j to sol id PUF4; and (4) d e c o n t a m i n a t i o n of the U F j by f r a c t i o n a l d i s 
t i l l a t ion , a ided by a d s o r p t i o n t e c h n i q u e s . Th i s r e p o r t p r e s e n t s the r e s u l t s 
of one of a s e r i e s of l a b o r a t o r y i n v e s t i g a t i o n s in s u p p o r t of t h i s p r o g r a m ; 
spec i f i ca l ly , th i s r e p o r t c o n c e r n s f lu id -bed f l uo r ina t i on of s i m u l a t e d oxide 
fuel conta in ing p lu ton ium. 

A p r e v i o u s repor t^ d e s c r i b e d b o a t - r e a c t o r e x p e r i m e n t s on the f l u o r i 
na t ion of m i x t u r e s conta ining u r a n i u m and p lu ton ium o x i d e s , n o n r a d i o a c t i v e 
F . P . e l e m e n t ox ides , and a l u m i n a . Tha t w o r k defined the r e a c t i o n cond i t i ons 
of t e m p e r a t u r e and t i m e n e c e s s a r y for eff icient r e m o v a l of u r a n i u m and 
p lu ton ium f r o m t h e s e m i x t u r e s , and the effect of the p r e s e n c e of f i s s i o n 
p r o d u c t s on the p lu ton ium r e t e n t i o n on the a l u m i n a . A s u b s e q u e n t r e p o r t ' 
d e s c r i b e d the deve lopmen t of a 1—-in.-diam, f lu id -bed r e a c t o r s y s t e m for 
a s tudy of the f luor ina t ion of U3O8. The a p p a r a t u s and p r o c e d u r e s d e v e l o p e d 
dur ing that w o r k ' w e r e employed in the f lu id -bed s tudy d e s c r i b e d in t h i s 
r e p o r t . 

The u r a n i u m dioxide fuel e l e m e n t s , a f te r the d e c l a d d i n g s t e p , would 
be p r e s e n t in the fluid bed as p e l l e t s , pe l l e t f r a g m e n t s , and p o w d e r . F l u o r i 
na t ion of m a t e r i a l of such a r a n d o m - s i z e d i s t r i b u t i o n would r e s u l t in e r 
r a t i c f luor ina t ion r a t e s and u n d e s i r a b l y e r r a t i c r a t e s of p r o d u c t i o n of UFj,. 
A s c h e m e involving the oxidat ion of the fuel e l e m e n t s at 400 to 500°C h a s 
been p r o p o s e d to conve r t the r a n d o m l y s i zed fuel e l e m e n t s to a u n i f o r m 
powder . Th i s oxidat ive t r e a t m e n t r e s u l t s in a f ine ly d iv ided m i x t u r e of 
U3O8 and PUO2. The oxidat ion of the p e l l e t s can be c a r r i e d out in the l o w e r 
p o r t i o n of a fluid bed and the t r a n s p o r t e d p o w d e r f l u o r i n a t e d in t he u p p e r 
p o r t i o n of the fluid bed. This t w o - z o n e , o x i d a t i o n - f l u o r i n a t i o n p r o c e d u r e 
w a s d e m o n s t r a t e d in a s e m i p i l o t - p l a n t s c a l e " by u s ing u n i r r a d i a t e d UO2 p e l 
l e t s . In p r e v i o u s l y r e p o r t e d , l a b o r a t o r y - s c a l e , l ^ - i n . - d i a m , f l u i d - b e d w o r k , ' 



the fluorination portion of the two-zone procedure was simulated by feeding 
finely divided U3O8 powder into the fluid bed at controlled rates and con
tacting the powder with fluorine at a point just above the entry point of the 
powder. The laboratory work showed that fluorination could be sat isfac
torily performed at feed rates of UjOg of 5 g/min, corresponding to UF^ 
production ra tes of 50 Ib/hr-ft^ of reactor c ross section. The techniques 
developed in this labora tory-scale work were employed in the work de
scribed in this report . In addition, previously reported boat - reac tor ex
periments had shown that plutonium was more readily fluorinated from 
mixtures of U3O8 and PUO2 produced by the oxidation of UO2-PUO2 solid 
solutions than from powdered UO2-PUO2 solid solution. The reaction con
ditions found in the boa t - reac tor study, which resulted in retention of less 
than 0.01 w/o plutonium on the fluid-bed alumina, employed two 10-hr r e 
action periods: the first at 450°C using 10% fluorine in nitrogen, and the 
second at 550°C using 75% fluorine in nitrogen. 

The charge from a power reactor , such as the Dresden Reactor, 
will probably consist of 100 kg of uranium, 0.4 kg of plutonium, and about 
1 kg of fission products. This charge will be mixed with about 200 kg of 
ref rac tory-grade alumina as the fluidized medium. A previous report^ 
considered the economic factors attending a loss of 1% of the plutonium 
charged to the reactor . The present experiments used a 1% loss of plu
tonium by retention on the alumina as a maximum acceptable loss level. 
In the present work, the retention of 1% of the plutonium charged to the r e 
actor on the alumina corresponds to a concentration of 0.002 w/o plutonium 
on the alumina. In the previous boat - reactor experiments, about a sixth 
as much alumina was used and a 1% loss of plutonium corresponded to a 
plutonium concentration on the alumina of 0.007 w/o. Both of these loss 
est imates a re based on the pract ice of discarding the fluid-bed alumina 
after each fluorination. 

The present report presents the results of extensive experimental 
work on the fluid-bed fluorination of uranium-plutonium oxide mixtures in 
a l y - i n . - d i a m reactor . The experimental work involved exploration of the 
effect of the variation in reaction conditions and mater ia ls on the conversion 
of uraniunn and plutonium to their respective volatile hexafluorides. During 
this work, the effect of severa l variables on plutonium retention on the alu
mina was determined: (l) the source of plutonium, whether present in a 
UO2-PUO2 solid solution or as PUO2; (2) the addition of bismuth to the alu
mina; (3) the quantity of plutonium and fission products fed to the reactor 
in a single experiment; (4) the use of a static ra ther than a fluidized bed; 
(5) variation in the fluorinating gas flowrate; and, (6) the type of alumina 
used as the fluid bed. Experiments were also performed to evaluate the 
reuse of an alumina bed for the fluorination of severa l batches of uranium-
plutonium oxide mixture, and to determine the effect on the fluorination 
reaction of the presence of s ta in less -s tee l decladding product in the feed 
mater ia l . An autoradiographic technique was used to determine the location 
of plutonium retained on the alumina par t ic les . And finally, the efficiency 
of nitric acid leaching for rennoving plutonium retained on the fluid-bed alu
mina was studied briefly. 
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U. E X P E R I M E N T A L P R O C E D U R E 

A. M a t e r i a l s 

The U3O8 u s e d in th i s work to p r e p a r e U3O8-PUO2 m i x t u r e s w a s ob
t a ined f r o m Union C a r b i d e N u c l e a r C o m p a n y . The m a t e r i a l had a s u r f a c e 
a r e a of 0.74 sq m / g , as m e a s u r e d by n i t r o g e n a d s o r p t i o n , and c o n s i s t e d of 
p a r t i c l e s wi th an a v e r a g e d i a m e t e r of 3.1 m i c r o n s . C h e m i c a l a n a l y s i s of 
the UjOj ind ica ted a u r a n i u m conten t of 84.46% ( t h e o r e t i c a l : 84.80%). P l u 
t o n i u m for t h e s e m i x t u r e s was obta ined f r o m two g e n e r a l s o u r c e s : f r o m 
UO2-PUO2 sol id so lu t ion in the f o r m of p e l l e t s n o m i n a l l y con ta in ing 83% u r a 
n i u m and 4% p lu ton ium, and f r o m v a r i o u s b a t c h e s of p o w d e r e d P u O j . 

C o m m e r c i a l - g r a d e f luor ine , which was p a s s e d t h r o u g h a s o d i u m 
f luo r ide t r a p at 100°C to r e m o v e H F , was u sed . The n i t r o g e n , wh ich w a s 
u s e d a s the f luidizing gas and a l so as a d i luent for the f l u o r i n e , w a s p a s s e d 
th rough a t r a p conta in ing m o l e c u l a r s i e v e s to r e m o v e w a t e r . 

A m i x t u r e of n o n r a d i o a c t i v e F . P . e l e m e n t ox ides w a s u s e d to r e p r e 
sent F . P . c o n c e n t r a t i o n s in the U3O8-PUO2 m i x t u r e s . A g r o u p of t h e s e 
(La203, Ce02 , P r^Oi , , Nd203, Sm203, EU2O3, Gd203, and YjOj) w a s ob t a ined 
f r o m the L indsay C h e m i c a l Div is ion of A m e r i c a n P o t a s h and C h e m i c a l 
C o m p a n y and was of a p u r i t y of 99.9% o r g r e a t e r . O t h e r c o m p o u n d s (BaO, 
Z r 0 2 , and M0O3) w e r e r e a g e n t - g r a d e c h e m i c a l s and had s t a t e d p u r i t i e s of 
99% or g r e a t e r . 

T\vo types of a lumina w e r e u s e d in th i s w o r k as the i n e r t f l u i d - b e d 
m a t e r i a l . One of t h e s e , Type RR* (h igh -pu r i t y ) fused a l u m i n a , w a s a v a i l a b l e 
both as a n o m i n a l 1 2 0 - m e s h m a t e r i a l with a m e d i a n p a r t i c l e s i z e of 90 m i 
c r o n s and a p a r t i c l e - s i z e r a n g e of 50-150 m i c r o n s and a s a n o m i n a l 6 0 - m e s h 
m a t e r i a l with a m e d i a n p a r t i c l e s i ze of 200 nn ic rons and a p a r t i c l e - s i z e 
r a n g e of 150-250 m i c r o n s . The o the r a l u m i n a was Type T - 6 1 * * hav ing a 
m e d i a n p a r t i c l e s i ze of 150 nnicrons and a p a r t i c l e - s i z e r a n g e of 8 0 - 2 5 0 m i 
c r o n s . Sieve a n a l y s e s for the t h r e e b a t c h e s of a l u m i n a u s e d a s the f l u id -bed 
m a t e r i a l a r e l i s t ed in Tab le I. 

The m i x t u r e s of U3O8-PUO2 o r U3O8-PUO2-F.P . e l e m e n t ox ides w e r e 
p r e p a r e d in the following m a n n e r : Sufficient q u a n t i t i e s of U3O8, ox id ized 
UO2-PUO2 pe l l e t s (U3O8-PUO2) or PUO2, and a m i x t u r e of F . P . ox ides w e r e 
i n t i m a t e l y mixed to p r o d u c e a m i x t u r e having a u r a n i u m - t o - p l u t o n i u m r a t i o 
of 1000:4 and a u r a n i u m - t o - f i s s i o n - p r o d u c t m i x t u r e r a t i o of 100 :1 . The 
F . P . e l e m e n t ox ides u s e d and t h e i r p r o p o r t i o n s in the U3O8-PUO2 m i x t u r e 
a r e l i s ted in Tab le II. Af ter the m i x t u r e s w e r e b l e n d e d for about 10 h r , 
r a n d o m s a m p l e s w e r e t aken for u r a n i u m and p l u t o n i u m a n a l y s e s . The a n a 
ly t ica l r e s u l t s for a t yp i ca l ba t ch showed 0.386 ± 0.001 w / o p l u t o n i u m and 
80.5 ± 0.2 w / o u r a n i u m . The F . P . oxide c o n c e n t r a t i o n in the m i x t u r e , b a s e d 
on the weight of ox ides added, was 0.86 w / o . 

* Product of the Norton Co. 
** Product of the Aluminum Company of America. 



T A B L E I. S i eve A n a l y s i s 
of A l u m i n a Used in F l u i d -

bed E x p e r i m e n t s 

U. S. S ieve 
D e s i g n a t i o n 

P e r c e n t a g e 
of A l u m i n a 

1. 120 M e s h , Type RR 

+ 120 
-120 +140 
-140 +170 
-170 +200 
-200 +230 
-230 +270 
-270 

6.0 
21.0 
26.0 
32.0 
10.0 

3.0 
2.0 

2. 60 M e s h , Type RR 

+40 0.3 
-40 +60 77.2 
-60 +80 21.6 
- 8 0 +100 0.6 

-100 +170 0.3 

3. 100 M e s h , T a b u l a r T-61 

+45 
- 4 5 +60 
- 6 0 +80 
-80 +120 
-120 +170 
-170 +230 
-230 0.9 

0, 
5, 

47, 
38. 

6. 
1. 

,1 
3 

,6 
7 
3 
1 

T A B L E II. C o m p o s i t i o n of U3O8-
PuOj F . P . Oxide M i x t u r e ^ 

M a t e r i a l 

Gd203 

EU2O3 

Y2O3 

Sm203 

P r 6 0 „ 

La203 

BaO 

CeOj 

Nd203 

Z r 0 2 

M0O3 

PUO2 

u,o„ 

P a r t of M i x t u r e , w / o 

0.0004 

0.002 

0.026 

0.040 

0.042 

0.050 

0.058 

0.090 

0.173 

0.182 

0.187 

0.4 

B a l a n c e 

^ R e p r e s e n t a t i v e of spent D r e s d e n - t y p e 
fuel a f te r 10,000 MWd/ ton b u r n u p , 
4 y r in r e a c t o r , 30 -day cooled . 

B. A p p a r a t u s 

The f lu id -bed a p p a r a t u s u s e d in th i s w o r k was s i m i l a r to the a p 
p a r a t u s u s e d for the f l uo r ina t i on of U3O8 and d e s c r i b e d p r e v i o u s l y . ' The 
a p p a r a t u s c o n s i s t e d of the following m a j o r c o m p o n e n t s : ( l ) a l - j - i n . - d i a m 
f lu id -bed f l u o r i n a t o r ; (2) a powde r f eede r ; (3) a s y s t e m of cold t r a p s , u s e d 
to c o n d e n s e the U F j - P u F j p r o d u c t ; (4) a Lapp d i a p h r a g m p u m p employ ing 
a r e m o t e head , u s e d to c i r c u l a t e the gas p h a s e ; (5) a c t i v a t e d a l u m i n a t r a p s 
for the d i s p o s a l of f l uo r ine ; and (6) man i fo lds supplying f luo r ine , n i t r ogen , 
and v a c u u m s e r v i c e . Al l the a p p a r a t u s was con ta ined wi th in an a lpha g l o v e 
box and w a s m a n i p u l a t e d t h r o u g h g l o v e p o r t s . The a lpha g lovebox, the d e 
t a i l ed d e s c r i p t i o n of which h a s b e e n publ i shed ,^ w a s t h r e e m o d u l e s in length 
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and Ij m o d u l e s in height . (A modu le is a cube 40 in. on edge.) F i g u r e 1 
is a pho tog raph of one face of the a lpha box showing the p l a c e m e n t of the 
a p p a r a t u s be fo re al l the windows and g loves had been put in p l a c e . F i g u r e 2 
shows a c l o s e - u p view of the f lu id-bed r e a c t o r . 

3. P r o c e d u r e 

Two r eac t i on p e r i o d s w e r e used for the f l uo r ina t ions of the U3O8-
PUO2 m i x t u r e s . In the f i r s t p e r i o d (the f eed ing - f luo r ina t i on p e r i o d ) the 
U3O8-PUO2 powder was injected into the fluid bed and i m m e d i a t e l y c o n t a c t e d 
with a f luo r ine -con ta in ing gas s t r e a m . Dur ing th i s p e r i o d , about 99% of the 
u r a n i u m was conve r t ed to UF^, and be tween 40 and 70 w / o of the p l u t o n i u m 
was conve r t ed to PuF^. The f eed ing- f luo r ina t ions w e r e p e r f o r m e d at 450 
and 500°C for r eac t i on t i m e s of 1 to 5 h r , depending on the r a t e of feed of 
the U3O8-PUO2 m i x t u r e . In the second pe r iod (the r e c y c l e - f l u o r i n a t i o n 
pe r iod ) , the f luor ine content was r a i s e d to about 100% and the gas w a s 
cyc led th rough the Lapp pump and r e t u r n e d to the f lu idized bed. The r e 
act ion t e m p e r a t u r e dur ing the r e c y c l e - f l u o r i n a t i o n p e r i o d w a s v a r i e d o v e r 
the r ange of 450-550°C. This r e c y c l e - f l u o r i n a t i o n p e r i o d was in tended to 
r e m o v e e s s e n t i a l l y a l l the r e m a i n i n g u r a n i u m and p lu ton ium f r o m the a l u 
mina bed m a t e r i a l . 

108-6080 
Fig. 1. The 1-2-in.-diam Fluid-bed Reactor System in the Alpha Glovebox 



108-6077 

Fig. 2. The ly-in.-diam Fluid-bed Reactor 

The g e n e r a l o p e r a t i n g p r o c e d u r e for the f l uo r ina t ions was a s fol
l o w s : About 400 g of 1 2 0 - m e s h fused a l u m i n a was p l aced in the f lu id -bed 
f l u o r i n a t o r , which w a s then hea ted to the o p e r a t i n g t e m p e r a t u r e , 450 or 
500°C. D u r i n g the hea t ing p e r i o d , the n i t r o g e n flow, sufficient to f lu idize 
the bed , was s t a r t e d . A c h a r g e of a m i x t u r e of 300 g of U3O8-PUO2 and 
150 g of a l u m i n a w a s p l aced in the powder f e e d e r . (Alumina was mixed 
wi th the U3O8-PUO2 to i m p r o v e the flow c h a r a c t e r i s t i c s of the oxide 
p o w d e r . ) When the r e a c t o r r e a c h e d the p r o p e r o p e r a t i n g t e m p e r a t u r e , the 
f luo r ine w a s fed into the bed th rough a gas d i s t r i b u t o r cone ( s ee R e f e r 
ence 3, F ig . 2). The f luo r ine , which was 20 v / o of the to ta l flow, w a s 
d i lu ted wi th an equa l quant i ty of n i t r o g e n be fo re it e n t e r e d the bed . The 
U 3 0 8 - P u 0 2 - a l u m i n a m i x t u r e w a s i n t r o d u c e d into the f luidizing n i t r o g e n 
s t r e a m , and then into the fluid bed at a point be low the f luor ine in le t , at 
a r a t e of f r o m 1 to 5 g of U3O8-PUO2 m i x t u r e p e r m i n u t e . The gas ve loc i t y 
in the 3 / 8 - i n . - d i a m f l u i d i z i n g - n i t r o g e n in le t l ine into which the U3O8-PUO2 
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was fed was 5 f t /sec. Total flow rate through the fluid bed was 12 l i t e r s / 
min (measured at room temperature and 1.32 atm pressure) ; the fluidizing^ 
nitrogen contributed approximately 7 l i ters/min, and the mixture o uorine 
and nitrogen contributed approximately 5 l i te rs /min . The superficial gas 
velocity in the fluid bed was about 0.4 ft/sec at room temperature (about 
1.0 ft/sec at 500°C). 

During the feeding-fluorination period, the effluent gas s t ream from 
the fluorinator passed through three cold traps, a sodium fluoride t rap to 
remove the UFj, and PuFj,, and Anally through a trap flUed with activated 
alumina to remove the excess fluorine before discharge to the glovebox 
atmosphere. After the feeding-fluorinaUon period, the fluorine content of 
the gas phase was increased to approximately 100% and the recycle period 
was started. During the recycle period, the gas was passed only through 
the cold t raps. 

After the reaction period had been completed, the sodium fluoride 
trap and the cold traps (maintained at -78°C) were evacuated to remove 
the noncondensable gas from the cold traps and the unreacted gas from 
the sodium fluoride trap. The cold traps were warmed to room tempera
ture and then weighed to obtain the amount of UF^ and PuF^ collected. The 
alumina, which was used as the fluid-bed medium, was removed from the 
reactor, and samples were taken for uranium and plutonium analyses.* 
The small quantity (about 1-2 g) of a mixture of uranium and plutonium 
fluorides and alumina, which was generally retained in the disengaging 
section of the fluid-bed reactor, was also removed and submitted for 
uranium and plutonium analyses. 

Pr ior to the tests with mixtures of U3O8 and PUO2, experinnents 
using U3O8 alone were conducted to determine the efficiency of the cold 
traps for collection of UF^. Nine experiments were performed in which 
the feeding-fluorination period at 500°C, using 20 v/o fluorine, was fol
lowed by a recycle-fluorination period of 5 hr at 500°C, using 100% fluo
rine. The average results-for these experiments showed a conversion of 
99.7 + 0.1% of the U3O8 to UF^ and a cold-trapping efficiency of 99.3%. 

*The technique developed for obtaining representat ive samples of the fluid 
bed, and the analytical procedures used for determining uranium and plu
tonium, are given in Appendix A. 



III. RESULTS AND DISCUSSION 

A. Effect of Tempera ture , Reaction Time, and Presence of Nonradioactive 
Fission Products on the Conversion of Plutonium and Uranium to 
Hexafluorides 

The first experiments involving plutonium used U3O8-PUO2 mixtures 
that did not contain F .P . oxides. In all the experiments, the feeding-
fluorination period was performed at 500''C, using 20 v/o fluorine in nitrogen. 
A mixture of 300 g of U3O8-PUO2 and 150 g of AI2O3 was fed into a 400-g bed 
of AI2O3 at a rate of about 5 g of U3O8-PUO2 per^minute. Each feeding-
fluorination period was followed by a recycle-fluorination period at either 
500 or 550°C for 5 or 15 hr using 100% fluorine. In one experiment, which 
was terminated after the feeding-fluorination period, the alumina bed con
tained 0.043 w/o uranium and 0.063 w/o plutonium. If no reaction to form 
UF^ and PuF^ had occurred, the uranium and plutonium concentrations in 
the alumina bed would have been 31.5 w/o uranium and 0.14 w/o plutoniunn. 
The resul ts for experiments in which the feeding-fluorination period was 
followed by a recycle-fluorination period are listed in Section A of Table III. 
After a recycle fluorination at 500°C for 5 hr , the uranium and plutonium 
concentrations on the alumina were 0.021 and 0.033 w/o, respectively; after 
a recycle fluorination at 550°C for 5 hr, the uranium and plutonium concen
trations on the alumina were 0.003 and 0.022 w/o, respectively. Extending 
the recycle-fluorination period to 15 hr resulted in concentrations on the 
alumina of 0.007 w/o uranium and 0.030 w/o plutonium at 500°Cf and 
0.014 w/o uranium and 0.011 w/o plutonium at 550°C. In these fluid-bed 
experiments , the alumina-to-uranium ratio was about 2:1; in the boat ex
periments previously reported, the alumina-to-uranium ratio was 1:3. A 
residual plutonium concentration of 0.01 w/o on the alumina in these fluid-
bed experiments represents about 5% of the plutonium fed to the reactor 
for a single use of alumina; for the boat experiments previously reported, 
a plutoniunn concentration of 0.01 w/o on the alumina represented about 
1% of the plutonium involved in the experiment. 

A second set of experiments was perfornned using U3O8-PUO2 mix
tures containing F .P . oxides. In one experiment, which was ternninated 
after the feeding-fluorination period, the alumina bed contained 0.149 w/o 
uranium and 0.106 w/o plutonium. If no reaction to form UF^ and PuFj had 
occurred, the uranium and plutonium concentrations in the alunnina bed 
would have been 30.4 w/o uranium and 0.15. w/o plutonium. The resul ts for ex
periments in which the feeding-fluorination period was followed by a 
recycle-fluorination period are listed in Section B of Table III. These r e 
sults show concentrations on the alumina of 0.0 16 w/o uranium and 
0.057 w/o plutonium after 5 hr of fluorination at 500°C, and 0.017 w/o 
uraniunn and 0.038 w/o plutonium after 5 hr of fluorination at 550°C. 
After 15 hr of recycle fluorination at 550°C, the uranium and plutonium 
concentrations on the alumina bed were 0.021 and 0.029 w/o, respectively. 
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T A B L E III. F l u i d - b e d F l u o r i n a t i o n of UjOj-PuOz M i x t u r e s : 
Effect of R e a c t i o n T e m p e r a t u r e and T i m e 

F e e d i n g - f l u o r i n a t i o n P e r i o d 

Bed t e m p e r a t u r e : 500 C 
Tota l gas flow r a t e : 12 l i t e r s / m i n (at r o o m 

t e m p and 1.32 a tm) 
Gas ve loc i ty : 0.98 f t / s e c 
F l u o r i n e c o n c e n t r a t i o n : 20 v / o 
A l u m i n a in bed: 400 g 
A lumina in feed: 150 g 
U3O8-PUO2 feed: 300 g 
U3O8-PUO2 feed r a t e : —5 g / m i n 

R e c y c l e - f l u o r i n a t i o n P e r i o d 

To ta l gas flow r a t e : 8 l i t e r s / m i n (at 1.32 a t m ) 
L i n e a r ve loc i ty of gas p h a s e : 0.67 f t / m i n (at 500°C) 
F l u o r i n e c o n c e n t r a t i o n : 100% 
Condi t ions : As ind ica ted 

Recyc l e 

T e m p , 
°C 

500 
550 
500 
550 

500 
550 
550 

4 5 0 - 5 0 0 - 5 5 0 ^ 

C o n c e n t r a t i o n 

U 

hr w / o g 

A. No f i ss ion p r o d u c t s p r e s e n t ^ 

5 0.021 0.120 
5 0.003 0.016 

15 0.007 0.041 
15 0.014 0.075 

B. F i s s i o n p r o d u c t s present ly 

5 0.016 0.069 
5 0.017 0.096 

15 0.021 0.117 
20 0.015 0.085 

in AI2O3 

w / o 

0.033 
0.022 
0.030 
0.011 

0.057 
0.038 
0.029 
0.007 

B e d 

P u 

g 

0.187 
0.124 
0.157 
0 .056 

0.330 
0.220 
0.165 
0.040 

^U308-Pu02 m i x t u r e conta ined 253 g of u r a n i u m and 1.05 g of p l u t o n i u m . 
b U j O j - P u O j - F . P . ox ides m i x t u r e con ta ined 241 g of u r a n i u m , 1.13 g of 

p lu ton ium and 2.58 g of a m i x t u r e of F . P . o x i d e s con ta in ing the fol lowing 
oxides: La203, Ce02, P r j O n . Nd203, Sm203, EU2O3, Gd203, Y2O3, BaO, 
Z r 0 2 , and M0O3 ( see Tab le II). 

' ^Feeding-f luor ina t ion p e r i o d : 3 h r at 450°C, U3O8-PUO2 feed r a t e ~ 2 g / m i n . 
Recyc le - f luo r ina t ion p e r i o d s : 5 hr at 450°C. 5 h r at 500°C, and 10 hr at 
550°C. 



In these experiments, the presence of F .P . oxides in the U3O8-PUO2 
nnixtures did not material ly increase the uranium retention on the alumina; 
in all cases , the quantities of uranium retained represented less than 1% 
of that fed to the reactor . However, the presence of fission products in the 
U3O8-PUO2 mixture did result in a significant increase in the plutonium r e 
tention on the a lumina* These resul ts are similar to those previously ob
tained for the boat-rer.ctor experiments.^ In the boat experiments, the 
plutonium concentration in the alumina for non-F.P. and F .P . experiments 
at 450°C were 0.027 and 0.065 w/o, respectively. 

In one experiment (last entry of Section B of Table III), a lower 
temperature of 450°C was used both during the feeding-fluorination period 
and during the initial 5 hr of the recycle-fluorination period. The U3O8-
Pu02 feed rate was about 2 g/min. These two periods at 450°C were fol
lowed by recycle-fluorinations of 5 hr at 500°C and 10 hr at 550°C. After 
this experiment, the alumina bed contained 0.015 w/o uranium and 0.007 w/o 
plutoniunn. The choice of reaction conditions for this experiment was based 
on resul ts obtained during the boat- reactor experiments,^ in which these 
reaction conditions also resulted in plutonium concentrations on the alumina 
of 0.007 w/o. 

B. Factors Affecting the Retention of Plutonium on Alumina 

1. Evaluation of the Source of Plutonium 

A ser ies of experiments was perfornned to evaluate the effect 
of the source of plutonium on the extent of removal of plutonium from a 
fluid bed by fluorination. Data were obtained for U3O8-PUO2 feed mater ia l , 
derived fronn a UO2-PUO2 solid solution which was oxidized to produce a 
mixture of U3O8 and PuOj, and a feed material in which the U^Os and PUO2 
were present as a physical nnixture. The use of a physical mixture rather 
than a solid solution would afford savings in material costs for experinnents 
on a pilor-plant scale. 

The reaction conditions used in these experiments were those 
that previously resulted in retention of less than 0.01 w/o plutonium on the 
alumina (see Table III, Section B, entry 4). The feeding-fluorination period 
was performed at 450°C with a feed rate of about 2 g/min of U3O8-PUO2, 
followed by recycle-fluorination periods of 5 hr each at 450 and 500°C and 
10 hr at 550°C. 

*The effect of fission products on the plutonium retention on alumina cited 
in this section appears valid only in cases in which appreciable plutonium 
remains on the alumina, as the 0.03 to 0.06 w/o retained for the experiments 
listed in Table III. For experiments in which less than 0.01 w/o plutonium 
was retained on the alumina (cf. Section A of Table V), no effect of the p r e s 
ence of the nominal quantity of fission products upon plutoniunn retention 
on alumina was noted. 



The e x p e r i m e n t a l condi t ions and r e s u l t s of t h e s e e x p e r i n n e n t s 
a r e l i s t e d in Tab le IV. A c o m p a r i s o n of the flrst four e n t r i e s m T a b l e IV 
i n d i c a t e s tha t the s o u r c e of the PuOz d o e s not affect the p l u t o n i u m r e t e n 
t ion on the a l u m i n a . In one e x p e r i m e n t , the feed r a t e d u r i n g the f e e d i n g -
fluorination p e r i o d was 5 g / m i n , r a t h e r than the 2 g / m i n o r l e s s u s e d m the 
f i r s t e x p e r i m e n t s . The f o r m e r e x p e r i m e n t r e s u l t e d in a p l u t o n i u m r e t e n t i o n 

T A B L E IV. F l u i d - b e d F l u o r i n a t i o n of U 3 0 e - P u 0 2 - F . P . M i x t u r e s : Effect 
of Low T e m p e r a t u r e dur ing F e e d i n g - f l u o r i n a t i o n P e r i o d and S o u r c e of 

PuOj on P l u t o n i u m Reten t ion on Alumina 

F e e d i n g - f l u o r i n a t i o n P e r i o d 
T e m p e r a t u r e : 450 C 
Tota l gas flow r a t e : 12 l i t e r s / m i n (at r o o m 

t e m p and 1.32 a tm) 
Gas ve loc i ty : 0.80 f t / s e c 
F l u o r i n e c o n c e n t r a t i o n : 20 v / o 
Alumina in bed: 400 g 
A lumina in feed: 170 g, 1U:2A1203 
UjOg-PuOj- f i s s ion p r o d u c t s : 300 g 

R e c y c l e - f l u o r i n a t i o n P e r i o d 
R e c y c l e p e r i o d s : (1) 450°C. 5 h r ; (2) 500°C, 

5 h r ; (3) 550°C, 10 h r 
Tota l gas flow r a t e : 8 l i t e r s / n n i n (at 1.32 a tm) 
L i n e a r ve loc i ty of gas p h a s e : 0.67 f t / s e c (at 500°C) 
F l u o r i n e c o n c e n t r a t i o n : 100% 

C o n c e n t r a t i o n in AI2O3 Bed 

F e e d M i x t u r e s , g U Pu 

Aa 
fib 
B 
C^ 
B 

2.0 
1.3 
1.3 
2.4 
5.0 

2 54 
2 52 
252 
2 52 
2 52 

1.180 
1.580 
1.160 
1 155 
1.020 

2.59 
2.59 
2.58 
2.59 
2.59 

0.015 
0.003 
0 004 
0.006 
0.016 

0 .085 
0.014 
0.022 
0.035 
0.091 

U308-PU02 
S o u r c e F e e d Ra t e , 
of Pu02 g / m i n U Pu F P w / o g w / o g 

0.007 0.040 
0.006 0.037 
0.004 0.022 
0.008 0.047 
0.022 0 .125 

B L J 216 9.00 19.4 0 030 0 180 0.14 0.841 

^A: D e s i g n a t e s U3O8-PUO2 m i x t u r e in which P u O j w a s ob ta ined f r o m UO2-
PuOj s o l i d - s o l u t i o n p e l l e t s conta in ing ~ 5 w / o p lu ton ium. P e l l e t s w e r e 
oxidized to fo rm U3O8-PUO2, and add i t iona l U3O8 w a s added to b r i n g p lu 
ton ium c o n c e n t r a t i o n to about 0.4 w / o . 
B: D e s i g n a t e s U3O8-PUO2 m i x t u r e s p r e p a r e d by m e c h a n i c a l l y m i x i n g U3O8 
and Pu02 to p r o d u c e m i x t u r e s con ta in ing about 0.4 o r 3.0 w / o p l u t o n i u m . 

•^C: D e s i g n a t e s U3O8-PUO2 m i x t u r e p r e p a r e d by ox id iz ing UO2-PUO2 s o l i d -
solut ion powder conta in ing about 0.4 w / o p lu ton ium. 
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on the a lumina of 0.022 w / o , indicating that the low feed ra te may be i m 

por tan t . In the l as t expe r imen t l i s ted in Table IV, the U3O8-PUO2-F.P. 

mix tu re contained about 3 w /o plutonium instead of the usual 0.4 w / o . 

This expe r imen t resu l ted in a re ten t ion of 0.14 w / o plutonium on the alu

mina, indicating that the re tent ion of plutoniunn is probably dependent on 

the quantity of plutonium fed to the r e a c t o r . Additional data on the effect 

of the quantity of plutonium fed to the alumina bed on the plutonium r e t en 

tion a r e p re sen ted in Table V. 

TABLE V. Fluid-bed Fluorination of PUO2: Effect of Quantity of Plutoniunn and 
Fission Products on Plutonium Retention on Aluniina 

Feeding-fluorination Period 
Temperature: 500°C 
Total gas flow rate: 12 liters/min (at room 

tennp and 1.32 atm) 
Gas velocity; 0.98 ft/sec 
Fluorine concentration 

in total flow: 20 v/o 
Alumina in bed: 400 g 
Alumina in feed: 170 g 

Recycle-fluorination Period 
Recycle period: 550°C, 10 hr 
Total gas flow rate: 8 liters/min (at 1.32 atm) 
Linear velocity of gas phase: 0.71 ft/sec 
Fluorine concentration: 100% 

Analytical Results 

Pu in Pu in Disen-
mina Bed gaging Chambe 

No. Pu F.P. w/o g w/o g Volatilized,^' 

.^ Feed Material, e Alumina Bed gagine; Chamber „ 
Exp. Z & & & p ^ 

Low Plutonium, Variable F.P. 

1 

2 

3 

4 

5 

6 
7 

8 

1.23 
1.23 
1.23 
1.23 

9.24 
9.18 
9.13 
9.13 

None 
2 .58 ' ' 

19.4 ' ' 
19.4 ' ' 

0.0085 
0.0048 
0.014 
0.025 

B. High Pluti 

None 
2 .58^ 

14.9'= 
14.9'= 

0.12 
0.19 
0.71 
0.71 

0.044 
0.027 
0.080 
0.148 

onium, V; 

0.632 
1.100 
4.340 
4.409 

0.77 
0.31 
0.09 
0.59 

a r iab le F . P . 

2.70 
22.8 
13.9 

-

0.014 
0.008 
0.010 
0.027 

0.052 
0.802 
0.483 

-

96 
98 
93 
88 

93 
88 
53 
52 

^Based on plutonium retained in bed alone. 
F.P. mixture contained M0O3. The F.P. mixture contained LasOs, Ce02. Pr^Ou, Nd203, 
Sm203, EU2O3, Gd203. Y2O3, BaO, Zr02. and M0O3. (For relative concentrations of the 
F.P. oxides, see Table II.) 

^F.P. mixture did not contain M0O3. Composition is that indicated in footnote b, less 
the M0O3. 
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2. Effect of Added B i s m u t h 

An inves t i ga t ion was m a d e to d e t e r m i n e the effect of adding b i s 
muth m e t a l , followed by r e f l u o r i n a t i n g , on the p lu ton ium conten t of an a l u 
m i n a bed that had been used for the f luor ina t ion of a U3O8-PUO2-F.P. 
m i x t u r e . B i s m u t h was added to the bed b e c a u s e it was be l i eved tha t the 
f luor ina t ion p r o d u c t of b i s m u t h , B i F j , which is h ighly r e a c t i v e , m i g h t r e a c t 
with the P lu ton ium r e s i d u e , conve r t ing it to PuFfc. An a l u m i n a bed c o n t a i n 
ing 0.18 w / o p lu ton ium was chosen for t h e s e t e s t s . One g r a m of b i s m u t h w a s 
mixed with 50 g of the bed m a t e r i a l . Th i s m i x t u r e w a s then fed in to 400 g 
of the bed m a t e r i a l conta ined in the r e a c t o r at 550°C. T h i s add i t ion w a s fol
lowed by a r e c y c l e - f l u o r i n a t i o n of 5 hr at 550°C. After the f i r s t t r e a t m e n t , 
the a l u m i n a bed conta ined 0.08 w / o p lu ton ium, l e s s than one -ha l f the o r i g i 
nal p lu ton ium content . The second b i s m u t h addi t ion and f l u o r i n a t i o n cyc l e 
did not r e d u c e the p lu ton ium content of the a lumina bed f u r t h e r . T h e s e r e 
s u l t s ind ica te that the p r e s e n c e of b i s m u t h in the a l u m i n a bed wil l not m a 
t e r i a l l y a s s i s t in the r e m o v a l of p lu ton ium. 

S u p p l e m e n t a r y to th i s inves t iga t ion , the effect of the add i t ion 
of B i F , on the f luor ina t ion of U3O8 and UO2F2 was s tud ied . The r e s u l t s a r e 
given in Appendix B of th is r e p o r t . 

3. Effect of Quant i ty of P l u t o n i u m and F i s s i o n P r o d u c t s 

E x p e r i m e n t s w e r e p e r f o r m e d to i n v e s t i g a t e the effect of the 
quan t i t i e s of p lu ton ium and f i ss ion p r o d u c t s fed to the r e a c t o r on the p lu 
ton ium r e t e n t i o n on a lumina . T h e s e exper innen ts w e r e c a r r i e d out wi th 
Pu02 or PUO2-F .P . m i x t u r e s as the feed. A f e e d i n g - f l u o r i n a t i o n p e r i o d at 
500°C, with a gas phase conta ining 20 v / o f luor ine in n i t r o g e n , and a 
r e c y c l e - f l u o r i n a t i o n pe r iod of 10 hr at 550°C, u s ing 100% f l u o r i n e , w e r e 
employed . Dur ing the f eed ing - f luo r ina t ion p e r i o d , 150 g of 1 2 0 - m e s h a lu 
m i n a conta in ing only PUO2 or a PUO2-F .P . m i x t u r e w a s fed at a r a t e of f r o m 
3 to 6 g / m i n into the r e a c t o r containing 400 g of a l u m i n a . The e x p e r i m e n t s 
de s igna t ed in Sect ion A of Table V as "low p l u t o n i u m " e x p e r i n n e n t s u s e d 
about 1.5 g of PUO2 conta ining about 1.2 g of p lu ton ium; the c o r r e s p o n d i n g 
quant i ty of the F . P . oxide m i x t u r e was 2.58 g. The r a t i o of p l u t o n i u m to 
f i s s ion p roduc t as well as the quant i ty of p l u t o n i u m a r e i d e n t i c a l to t h o s e 
r e p o r t e d in T a b l e s III and IV. The e x p e r i m e n t s d e s i g n a t e d in Sec t i o n B of 
Table V as "high p lu ton ium" e x p e r i m e n t s con ta ined about 10.5 g of PUO2 
conta in ing about 9.2 g of p lu ton ium. The quant i ty of f i s s ion p r o d u c t s , 19.4 
or 14.9, was dependent on w h e t h e r the m i x t u r e con ta ined M0O3. the l a r g e r 
quant i ty being for the m i x t u r e con ta in ing M0O3.* 

*The p r e s e n c e of M0O3 in the F . P . nnixture is be l i eved to have c o n t r i b u t e d to 
plugging of va lve s in the c o l d - t r a p p i n g s y s t e m and hence w a s not u s e d in 
some e x p e r i m e n t s . A n a l y s i s of so l id s r e m o v e d f r o m plugged v a l v e s showed 
the p r e s e n c e of m o l y b d e n u m , p lu ton ium, and b i s m u t h . The b i s m u t h w a s 
p r e s e n t as the r e s u l t of e x p e r i m e n t s p e r f o r m e d us ing tha t e l e m e n t to fa 
c i l i t a t e the r e m o v a l of p lu ton ium r e t a i n e d on a l u m i n a r e s i d u e s . 



In Table V, Section A contains the data for the experiments with 
low plutonium content and variable F . P . content; Section B contains the data 
for the experiments with high plutonium content and variable F . P . content. 
For the experiments using small quantities of plutoniunn, an increase in the 
F . P . level fronn 2.58 to 19.4 g resulted in an increase in the plutonium r e 
tention on the alumina from 0.0048 w/o (Experiment 2) to 0.020 w/o(average 
of Experiments 3 and 4). For the high-plutonium experinnents, the plutonium 
retention on the alumina ^was 0.12 for experiments in which fission products 
were not present , and 0.19 w/o for experiments in which fission products 
(2.58 g) were present . When the F . P . level was raised to 14.9 g, the pluto
nium retention on the alumina increased to 0.71 w/o. For a plutonium con
centration of 0.4 w/o in the U3O8-PUO2-F.P. nnixtures, the quantity of fission 
products was 2.58 g; for a plutonium level of 3 w/o in the U3O8-PUO2-F.P. 
mixture, the quantity of fission products was 19.4 or 14.9 g. 

These resul ts show a 20- to 50-fold increase in plutonium r e 
tention on the alumina for a 7.5-fold increase in the plutonium fed to the 
reactor for experinnents in which fission products were not present (Ex
periments 1 and 5) and for the experiments in which the small quantities 
of fission products were present (Experiments 2 and 6). Increasing the 
F . P . level 7.5-fold resulted in an increase in plutonium retention on the 
alumina by a factor between three and four (Experinnents 3 and 4 versus 
Experiment 2 for the tes ts with low levels of plutonium, and Experiments 7 
and 8 versus Experiment 6 for the tests with high levels of plutonium). 

4. Effect of the Use of a Nonfluidized Static Bed 

Several experiments were performed during which the alunnina 
bed was not fluidized to determine if fluorination under static-bed condi
tions would resul t in efficient removal of plutonium. In these experiments, 
the solid charge of PUO2 (1.4 g) and F . P . oxides (2.0 g, no M0O3) was mixed 
with 570 g of nominal 60-mesh alumina from which the -170 nnesh fraction 
had been removed. This mixture was placed directly in the reactor rather 
than being fed into the bed. Three reaction periods were employed; the 
first at 450°C for 5 hr, the second at 500°C for 5 hr, and the third at 550°C 
for 10 hr. The gas phase contained 100% fluorine. The alumina bed after 
these reactions contained an average of 0.075 w/o plutonium. Comparable 
experiments in which a fluidized bed was used resulted in plutonium con
centrations in the alumina of from 0.002 to 0.004 w/o (see Table VI). 
These resul ts indicate that the use of a static-bed fluorination technique 
under these conditions would not resul t in adequate removal of plutonium. 
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TABLE VI. F l u i d - b e d F l u o r i n a t i o n of PUO2-F .P . M i x t u r e s : Effect of 
F l u o r i n e Flow Rate on P l u t o n i u m Re ten t ion on A l u m i n a 

Solid c h a r g e to r e a c t o r : 1.4 g of PUO2 (1.25 g of Pu) 
2.0 g of F . P . oxide nnix ture^ 
570 g of 6 0 - m e s h A l u m i n a 

(+170)1= 
Gas p h a s e : 100% f luor ine 
R e c y c l e - f l u o r i n a t i o n 

p e r i o d s : (1) 450°C, 5 h r ; (2) 500°C, 
5 h r ; (3) 550°C, 10 h r 

F l u o r i n e 
Flow Ra te , 
l i t e r s / m i n 

4 
4 

6 

7 
8 

8<= 

L i n e a r Veloci ty , 
f t / s e e fSOC'" 

1.32 atm) 

0 . 3 3 
0 . 3 3 
0 . 4 9 
0 . 5 7 
0 . 6 7 
0 . 6 7 

1 

P u C o n c e 

in Al 

w / o 

0 . 0 2 6 

0 . 0 1 9 
0 . 0 0 3 3 
0 . 0 0 3 8 
0 . 0 0 2 2 

0 . 0 0 2 2 

n t r a t i o n 

2O3 

g 

0.148 
0.108 
0.022 
0.022 
0.013 
0.013 

P n 

Vola t i l i zed , % 

88.2 
91.4 
98.2 
98.2 
99.0 
98.0 

^The F . P . m i x t u r e conta ins the following ox ides : La203, Ce02, Prf,Oii, 
Nd203, Sm203, EU2O3, Gd203, Y2O3, BaO, and Z r 0 2 . See Table II for 
quant i ty of each oxide in m i x t u r e . 

"Nomina l 60 m e s h ( m a n u f a c t u r e r ' s des igna t ion) f rom which -170 m e s h 
f rac t ion had been r emoved . 

'^Solid r e a c t i o n cha rge contained 0.63 g of p lu tonium. 

5. Effect of F luor ina t ing Gas Flow Rate 

A s e r i e s of e x p e r i m e n t s was p e r f o r m e d to d e t e r m i n e the effect 
of f luor ina t ing gas flow ra t e on the p lu tonium re t en t ion in the a l u m i n a bed. 
T h e s e e x p e r i m e n t s employed the s a m e quant i t i es of solid r e a c t i o n c h a r g e 
used in the s t a t i c - b e d e x p e r i m e n t s . The gas phase of 100% f luor ine w a s 
r e c y c l e d th rough the a lumina bed at flow r a t e s f rom 4 to 8 l i t e r s / m i n . The 
r e s u l t s obtained for these e x p e r i m e n t s a r e l i s ted in Table VI. At a gas flow 
r a t e of 4 l i t e r s / m i n , the p lu tonium concen t r a t i on in the a lumina bed a v e r 
aged 0.022 w / o ; at gas flow r a t e s of 6 to 8 l i t e r s / m i n , the p lu ton ium con
tent of the a lumina bed ranged f rom 0.002 to 0.004 w / o . T h e s e r e s u l t s 
ind ica te that a gas flow ra t e of 6 l i t e r s / m i n ( l inea r ve loc i ty of 0.49 f t / s e c 
at 500°C) or g r e a t e r is n e c e s s a r y for effective r e m o v a l of p lu ton ium f r o m 
the a lumina bed. 



6. Effect of Type of Alumina Used 

The plutonium retention on two mesh sizes of Type RR (high-
purity) alumina, nominal 120 and 60 mesh, can be compared from data in 
this report . In Table V, experiments are reported using 120-mesh alumina. 
Fluorination for 10 hr at 550°C resulted in a residual plutonium concentra
tion on the alumina of 0.005 w/o (Table V, Experiment No. 2, Section A). 
Experinnents a re reported in Table VI using 60-mesh alumina. After a 
fluorination se r i es of 5 hr at 450°C, 5 hr at 500°C, and 10 hr at 550°C, the 
plutonium concentration on the alumina was 0.002 w/o. Considering the 
longer fluorination time for the experiment listed in Table VI, these data 
probably indicate s imilar plutonium retentions on the two types of alumina. 

Present ly , Alcoa Type T-61 alunnina is being used in pi lot-scale 
tests in place of the high-purity Type RR alumina previously used. The use 
of Type T-61 alumina would result in lowered cost for the fluid-bed ma
ter ia l . One experiment was performed using the same solid reaction 
charge and reaction conditions as for the experiments listed in Table VI. 
The fluorine flow rate was 8 l i t e r s /min , corresponding to a linear velocity 
of 0.67 f t /sec at 500°C. After fluorination, the alumina bed contained 
0.0026 w/o plutonium. This resul t corresponds to those obtained, under 
the same reaction conditions, using the high-purity Type RR alumina and 
indicates that Type T-61 alunnina is as suitable as the Type RR previously 
employed. 

C. Reuse of Alunnina for the Fluorination of Several Batches of U3O8-PUO2 
Mixture 

Several sets of experiments were performed to evaluate the feasi
bility of using one bed of alumina for the addition and fluorination of several 
batches of U3O8-PUO2 mixture. This type of reaction scheme could resul t 
in the reduction of the quantity of plutonium discarded in the waste alumina 
if the concentration on the alumina remained constant for several addition-
fluorination cycles. An economy in the use of alumina and in the quantity 
of radioactive waste to be disposed of would also result from such a process 
scheme. The actual nunnber of possible reuses of the alumina bed would 
mainly depend on the heat loading of the alumina bed due to the accumula
tion of fission products. No firnn estimate of this number has as yet been 
nnade. 

The general procedure for these experiments was as follows: In 
each addition, 300 g of U3O8-PUO2-F.P. mixture, or about 2.0 g of PuOz-
F .P . mixture , blended with 150 g of alumina, was fed into a 400-g alumina 
bed in the reactor and there contacted with a gas phase containing 20 v/o 
fluorine and 80 v /o nitrogen. Following the feeding-fluorination period, the 
fluorination was continued with one or more recycle-fluorination periods 
using 100% fluorine at 450, 500, and 550°C. The alumina bed was removed 
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f r o m the r e a c t o r af ter each add i t i on - f luo r ina t i on cyc le and s a m p l e d ; then 
it was spl i t into two p o r t i o n s , 400 g to be r e p l a c e d in the r e a c t o r , and 150 g 
to be mixed with the next feed c h a r g e . In one set of e x p e r i m e n t s the a lu 
m i n a bed was r e m o v e d , s amp led , and pa r t i t i oned a f te r each f eed ing-
f luor ina t ion cycle and only one final r e c y c l e - f l u o r i n a t i o n cyc le w a s u s e d . 

1. R e u s e E x p e r i m e n t , Set 1 

T h r e e f luor ina t ions of 300 
conta in ing 241 g of uraniunn, 1.13 g of 

0.001 

- CURVE D 

0 1 2 3 4 5 6 
NUMBER OFADDITION-FLUORINflTION CYCLES 

Curve A: Reuse Experiment, Set 1 
Curve B: Reuse Experiment, Set 2 
Curve C: Reuse Experiment, Set 3 
Curve D: Theoretical plutonium concentration on 

alumina corresponding to removal of 
99% of total plutonium fed to the reactor 

Fig. 3. Effect of the Reuse of Alumina Fluid Bed for 
Several Additions and Fluorinations on 
Plutonium Retention on the Alumina 

g of U3O8-Pu02-F .P . oxide m i x t u r e , 
p lu ton ium, and 2.58 g of F . P . o x i d e s , 
w e r e m a d e , us ing in each a f eed ing-
f luor ina t ion p e r i o d at 500°C followed 
by a r e c y c l e - f l u o r i n a t i o n p e r i o d at 
500°C of 5 h r . After the in i t i a l f luo
r ina t ion , the p lu ton ium c o n c e n t r a t i o n 
on the a lumina was 0.057 w / o . The 
c o n c e n t r a t i o n of p lu ton ium on the 
a lumina af ter the second f luo r ina t ion 
was 0.114 w / o . After the t h i r d f luo
r ina t ion , the c o n c e n t r a t i o n was 
0.167 w / o . The p lu ton ium c o n c e n 
t r a t i o n on the a l u m i n a in th i s ex 
p e r i m e n t i n c r e a s e d a l m o s t l i n e a r l y 
with each addi t ional f luor ina t ion as 
is shown by the plot of the da ta in 
Curve A of F ig . 3. The u r a n i u m 
concen t r a t i on on the a l u m i n a r e 
mained at l e s s than 0 .1% of the to ta l 
u r a n i u m fed in any of the t h r e e 
f luor ina t ions . The r e u s e of the a lu 
mina bed did not r e s u l t in a l o w e r 
ove ra l l r e t e n t i o n of p lu ton ium on 
the a lumina than what would have 
r e s u l t e d if a f r e sh ba tch of a l u m i n a 
had been used with each of the t h r e e 
ba t ches of oxide m i x t u r e . The con
c lus ion obtained f rom the r e s u l t of 
th is f luid-bed f luor ina t ion e x p e r i 
ment is iden t i ca l to that for a s i m i l a r 
e x p e r i m e n t p e r f o r m e d us ing the boat 
r e a c t o r (Re fe rence 2, page 13). 

^- Reuse E x p e r i m e n t , Set 2 

In th i s a lumina r e u s e 
e x p e r i m e n t , s ix add i t ions of 300 g 
of U3O8-PUO2-F.P. oxide m i x t u r e 
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(each containing about 250 g of U, 1.16 g of Pu, and 2.58 g of F.P.) mixed with 
150 g of alumina were made to one alumina bed. The six feeding-fluorination 
periods were performed consecutively at 500°C and then followed by recycle-
fluorination periods of 10 hr at 500°C and 10 hr at 550°C. The feed rate 
during these experiments was about 5 g of U3O8 per minute. After each 
feeding-fluorination period, the bed was removed from the reactor and split 
into two par t s as described previously to supply the next bed and the alunnina 
for the next feed mixture. This alumina reuse procedure was employed to 
determine if the total reaction time could be shortened by using only one 
recycle-fluorination period to remove the accunnulated plutonium fronn the 
alumina bed. 

Analyses of samples of the alumina beds following the feeding-
fluorination periods showed that the concentration of plutonium on the alu
nnina increased ra ther regularly (from 0.10 to 0.30 w/o) for the first four 
additions of U3O8-PUO2-F.P., and then decreased to a value of 0.23 w/o after 
the sixth addition. These data are shown as Curve B of Fig. 3. The uraniunn 
concentration on the alumina varied rather widely from 0.16 to 2.0 w/o, and 
after the sixth addition the uranium concentration was 0.64 w/o. Uranium 
and plutoniunn concentrations on the alumina after the 10-hr, 500°C, recycle-
fluorination period were 0.13 and 0.19 w/o, respectively; after the 10-hr, 
550°C recycle-fluorination they were 0.01 and 0.18 w/o, respectively. This 
level of plutonium on the alumina represents 14% of the total plutonium fed 
to the bed (6.98 g), corresponding to volatilization of 86% of the plutonium 
as the hexafluoride. The 0.01 w/o uranium on the alumina bed corresponds 
to removal of more than 99.9% of the total uranium fed to the bed (1510 g). 

For comparison, a single experiment using a feeding-
fluorination period at 500°C and recycle-fluorination period at 550°C of 
15 hr (Table III, Section B, entry 3) resulted in removal of 85% of the plu
tonium and about 99.9% of the uranium. Six experiments of this type would 
then resul t in identical conversions of plutonium and uranium to the hexa
fluorides, as was found for this reuse experiment. This type of reuse pro
cedure would therefore result in economy in alumina use, in quantity of 
waste disposal, and in total reaction time (a reduction in time of about 
70 hr); however, the 85% level of plutonium removal in this experiment is 
far below the 99% plutonium removal desired. 

3. Reuse Experiment, Set 3 

A reuse experiment was performed in which only a PUO2-F.P. 
oxide mixture blended with alumina was fed into the bed. Four additions 
were made, and each feed mixture contained about 1.2 g of plutonium and 
2.6 g of fission products. For each PuOj-F .P . addition, a feeding-
fluorination period was conducted at 500°C followed by a recycle-fluorination 
period at 550°C for 10 hr. 
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The p r o g r e s s of p lu ton ium r e m o v a l , a s shown in C u r v e C of 
F i g . 3, i n d i c a t e s that the p lu ton ium c o n c e n t r a t i o n on the a l u m i n a w a s 
0.0048 w / o af ter the f i r s t addi t ion of P u O j - F . P . m i x t u r e , r o s e to 0.014 w / o 
a f te r the second addi t ion, and r e m a i n e d n e a r th i s l eve l for the s u b s e q u e n t 
two a d d i t i o n s , 0.015 and 0.025 w / o . If the p lu ton ium c o n c e n t r a t i o n on the 
a l u m i n a w e r e to r e m a i n at th i s l eve l (~0.02 w / o ) for a s e r i e s of s e v e n ad
d i t ions to a s ing le bed, then the p lu ton ium r e t a i n e d on the a l u m i n a would 
r e p r e s e n t only 1% of the total p lu ton ium fed to the r e a c t o r . 

The r e a c t i o n condi t ions used in th i s se t of e x p e r i m e n t s r e p r e 
sent the p lu ton ium c leanup r e c y c l e - f l u o r i n a t i o n for an e x p e r i m e n t of the 
type l i s t ed as the l a s t en t ry in Sect ion B of Tab le III. The c i t ed e x p e r i 
m e n t , which used a f eed ing - f luo r ina t ion pe r iod at 450°C, fol lowed by 
r e c y c l e - f l u o r i n a t i o n p e r i o d s of 5 h r at 450°C, 5 h r at 500°C, and 10 h r a t 
550°C, r e s u l t e d in c o n c e n t r a t i o n s of p lu ton ium and u r a n i u m in the a l u m i n a 
bed of 0.007 and 0.015 w / o , r e s p e c t i v e l y . Th i s s u g g e s t s tha t a l u m i n a -
r e u s e s e r i e s us ing t h e s e r e a c t i o n condi t ions would r e s u l t in low c o n c e n t r a 
t ions of both p lu ton ium and u r a n i u m in the final a l u m i n a bed. Such a set 
of e x p e r i m e n t s is r e p o r t e d in Set 4 of the r e u s e e x p e r i m e n t s ( imnned ia te ly 
fol lowing). 

4 . R e u s e E x p e r i m e n t , Set 4 

In th i s s e r i e s of r e u s e e x p e r i m e n t s , in which the r e a c t i o n con
d i t ions sugges t ed by the p r e v i o u s l y d e s c r i b e d e x p e r i m e n t s w e r e u s e d , the 
effect of the p r e s e n c e of M0O3 in the F . P . m i x t u r e on the p l u t o n i u m r e t e n 
t ion on a l u m i n a was a l so i nves t iga t ed . C o l d - t r a p mani fo ld v a l v e s w e r e 
p lugged by a sol id conta ining both m o l y b d e n u m and p lu ton ium d u r i n g the 
c o u r s e of th is work (cf. footnote on page 20); th i s fact sugges t ed a p o s s i b l e 
i n t e r a c t i o n be tween m o l y b d e n u m and p lu ton ium c o m p o u n d s , which m i g h t 
r e s u l t in the p roduc t i on of a nonvola t i le p l u t o n i u m - c o n t a i n i n g compound . 
T h e r e f o r e , two s e r i e s of e x p e r i m e n t s w e r e p e r f o r m e d in as n e a r l y an 
iden t i ca l m a n n e r as p o s s i b l e to eva lua te the effect of m o l y b d e n u m on p lu 
ton ium r e t e n t i o n . In one s e r i e s , the F . P . m i x t u r e did not con ta in M0O3; in 
the second s e r i e s , it did conta in M0O3. The c o m p o s i t i o n of the F . P . m i x 
t u r e s i s shown in Tab le II. In addi t ion, in one s e r i e s of e x p e r i m e n t s ( t hose 
in which the F . P . m i x t u r e conta ined M0O3), the a l u m i n a bed w a s a n a l y z e d 
for f luor ide conten t and the su r f ace a r e a was a l so m e a s u r e d af ter e a c h ad
d i t ion cyc le . Th i s was done to obta in an ind ica t ion of the a t t r i t i o n of the 
f lu id-bed a lumina with r e p e a t e d u s e . 

The p r o c e d u r e for t he se e x p e r i m e n t s was as fo l lows: in each 
addi t ion , 300 g of U3O8-PUO2-F.P. m i x t u r e b lended with 150 g of 1 2 0 - m e s h 
a l u m i n a was in jec ted into the 400-g a lumina bed at 450°C and t h e r e con
t a c t e d with d i lu te f luor ine . Fol lowing the f eed ing - f luo r ina t i on p e r i o d , the 
f luor ina t ion was cont inued for t h r e e r e c y c l e - f l u o r i n a t i o n p e r i o d s : the f i r s t 
at 450°C for 5 h r , the second at 500°C for 5 h r , and the t h i r d at 550°C for 
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10 h r . In e a c h e x p e r i m e n t , 20 g of f r e s h a l u m i n a w a s added t h r o u g h the 
powder f e e d e r at the end of the f e e d i n g - f l u o r i n a t i o n p e r i o d as a w a s h for 
the feed l i n e . At the end of e a c h a d d i t i o n - f l u o r i n a t i o n c y c l e , the a l u m i n a 
bed, wh ich we ighed about 570 g, w a s r e m o v e d f r o m the r e a c t o r and s a m 
p led . ' A n a l y s e s for plutoniunn, u r a n i u m , f l u o r i d e , and s u r f a c e - a r e a d e 
t e r m i n a t i o n w e r e c a r r i e d out. About 1 g of so l id s r e m a i n e d in the 
d i s e n g a g i n g c h a m b e r of the r e a c t o r and was r e m o v e d by r app ing the o u t e r 
wa l l of the c h a m b e r ; t h i s r e s i d u e w a s r e t u r n e d to the bed for s u b s e q u e n t 
f l uo r ina t i on . The a l u m i n a bed w a s then d iv ided into two p a r t s : 400 g for 
the bed of the nex t e x p e r i m e n t , and 150 g for m i x i n g wi th 300 g of the 
U3O8-PUO2-F.P . m i x t u r e to m a k e up the next feed nna t e r i a l . 

The d a t a ob ta ined and the e x p e r i m e n t a l cond i t i ons u s e d in t h e s e 
e x p e r i m e n t s a r e l i s t e d in T a b l e VII and a r e shown in the p l o t s of F i g . 4 . 
The r e s u l t s for the r e u s e s e r i e s in which the F . P . m i x t u r e did not con ta in 
M0O3 a r e l i s t e d in Sec t i on A of T a b l e VII. F o r a d d i t i o n - f l u o r i n a t i o n C y c l e s 
1 t h r o u g h 7, t he U3O8-PUO2-F.P . m i x t u r e con ta ined about 0.4 w / o p l u t o n i u m ; 
for a d d i t i o n - f l u o r i n a t i o n C y c l e 8, the U3O8-PUO2-F.P. m i x t u r e con ta ined 
about 3 w / o p l u t o n i u m . The F . P . con ten t in the l a s t add i t ion was a l s o 
r a i s e d p r o p o r t i o n a t e l y . In Sec t i on B of T a b l e VII, the F . P . m i x t u r e con 
t a ined M0O3, and for a l l of t h e s e c y c l e s , the U3O8-PUO2-F.P. m i x t u r e con
ta ined about 0.4 w / o p l u t o n i u m . 

The r e s u l t s ob ta ined for the r e u s e s e r i e s in which the F . P . 
m i x t u r e did not con t a in M0O3 (Sec t ion A of T a b l e VII and C u r v e A of F ig . 4) 
showed 0 .0046 w / o p l u t o n i u m in the a l u m i n a a f te r the f i r s t add i t i on -
f l u o r i n a t i o n c y c l e and 0 .0036 w / o p l u t o n i u m in the a l u m i n a af ter the s econd 
a d d i t i o n - f l u o r i n a t i o n c y c l e . T h e s e v a l u e s of p l u t o n i u m r e t e n t i o n on the 
a l u m i n a c o r r e s p o n d e d to v o l a t i l i z a t i o n of 97.4 and 99.0% of the t o t a l p l u 
t o n i u m c h a r g e d to the r e a c t o r , r e s p e c t i v e l y . Af te r the t h i r d add i t i on -
f l u o r i n a t i o n c y c l e , the a l u m i n a bed con ta ined 0 .193 w / o p lu ton ium. T h i s 
high l e v e l of r e t e n t i o n w a s c o n s i d e r e d to be due to ma l func t ion ing of the 
r e a c t o r - f i l t e r b l o w - b a c k s y s t e m . The h igh l eve l of p l u t o n i u m in the a lu 
m i n a bed w a s r e d u c e d by s u b s e q u e n t a d d i t i o n - f l u o r i n a t i o n c y c l e s , and 
a f t e r the fifth c y c l e the p l u t o n i u m con ten t of the a l u m i n a was 0.010 w / o , 
c o r r e s p o n d i n g to v o l a t i l i z a t i o n of 99% of the p lu ton ium. After the e ighth 
c y c l e , d u r i n g w h i c h the quan t i ty of p l u t o n i u m fed to the r e a c t o r w a s m o r e 
t h a n doub led , t he p l u t o n i u m con ten t of the a l u m i n a bed w a s 0.025 w / o , c o r 
r e s p o n d i n g to v o l a t i l i z a t i o n of 99.2% of the to ta l p l u t o n i u m fed to the r e a c t o r . 

The r e s u l t s for the a l u m i n a - r e u s e s e r i e s in which the F . P . 
m i x t u r e c o n t a i n e d M0O3 a r e l i s t e d in Sec t ion B of T a b l e VII and p r e s e n t e d 
a s C u r v e B of F i g . 4. Af te r the f i r s t a d d i t i o n - f l u o r i n a t i o n c y c l e , the a lu 
m i n a bed c o n t a i n e d 0.00 3 w / o p l u t o n i u m . The c o n c e n t r a t i o n of p l u t o n i u m 
in the a l u m i n a r o s e to 0 .03 w / o a f t e r the second a d d i t i o n - f l u o r i n a t i o n c y c l e * 

* This large increase in plutonium concentration on the alumina was probably due to the same condition that 
caused a similar increase in the plutonium content on the alumina for the set of experiments described in 
Section A of Table VII. 
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TABLE VII. F lu id -bed F luo r ina t ion of U jOg-PuOj -F .P , M i x t u r e s : Effect of the Reuse of Alumina for 
Seve ra l Addit ions and F luo r ina t i ons on P lu ton ium Reten t ion on Alumina 

Feed ing- f luor ina t ion Pe r iod 
Tennpe ra tu re : 450 C 
Total gas flow r a t e : 12 l i t e r s / m i n {0.79 f t / s e c ) 
F luo r ine concen t r a t ion in total flow: 10 v / o 
Alumina in bed: 400 g (120 m e s h ) 
Alumina in feed m a t e r i a l : 150 g ( + 20 g wash , 

120 m e s h ) 

Recyc le - f luor ina t ion Pe r iod 
Recycle p e r i o d s ; (1) 4 5 0 X . 5 h r ; (2) 500°C, 

5 h r ; (3) 550°C. 10 hr 
Total gas flow r a t e : 8 l i t e r s / m i n (0.67 f t / s e c 

at SOCC) 
F luor ine concen t ra t ion : 100% 

Addit ion-
f luor ina t ion 

Cycle 

1 

2 

3 

4 

5 

6 

7 

8 

1 

2 

3 

4 

5 

Feed Ma te r i a l 

P u 

A. 

0.986 
(0.986)* 
1.182 

(2.168) 
1.182 

(3.350) 
1.162 

(4.512) 
1.198 

(5.710) 
1.194 

(6.904) 
1.223 

(8.127) 
8.647 

(16.774) 

0.990 
(0.990)d 
1.209 

(2.199) 
1.213 

(3.412) 
1.225 

(4.637) 
1.218 

(5.855) 

U 

Exper i 

2 50 

2 54 

2 54 

2 4 8 

2 5 4 

2 54 

2 5 6 

2 34 

B. Exp 

2 54 

2 54 

2 54 

2 5 7 

2 54 

• ^ 8 

F . P . 

ments in 

1.99 

2.56 

2.56 

2.54 

2.60 

2.60 

2.60 

16.00 

er innents 

2.58 

2.58 

2.58 

2.62 

2.58 

UjOj-PuOj 
Feed Ra te . 

g / m i n 

Which F . P . 

1,6 

3 .3 

2 , 2 

1.8 

2 . 2 

1.5 

1.5 

1.1 

in Which F 

2.22 

2.27 

2.25 

2.30 

2.50 

Concen t ra t ion in AI2O3 

P u 

w / o g 

U 

Wo 

B e d 

r 

g 

Mixture Did Not Contain MoOj^ 

0.0046 

0.0036 

0.193 

0,012 

0,010 

0,0093 

0.0088 

0.025 

0,026 

0.021 

1.175 

0,070 

0.058 

0.054 

0.051 

0.150 

,P , Mixture Conta 

0,003 

0,030 

0,028 

0.018 

0,014 

0.017 

0.171 

0,161 

0,105 

0,082 

0,010 

0.009 

3.60 

0.042 

0.039 

0.025 

0,043 

0.004 

ined M0O3 

0.009 

0.006 

0.105 

0.070 

0.005 

0.057 

0,051 

21,92 

0.245 

0,226 

0.145 

0.250 

0.024 

e 

0.052 

0.034 

0,604 

0.403 

0.028 

P u 

Vola t i l i zed . ' ' % 

97.4 

99.0 

65.0 

98.4 

99.0 

99.2 

99.4 

99.2 

98.3 

92.2 

95.3 

97.7 

98.6 

"Composed of about 300 g of a U J O B - P U O J - F . P . m i x t u r e containing about 0.4 w / o Pu. 84 w / o U. and 
0.85 w / o F . P , oxides (for the quanti ty of the individual oxides in the F , P , oxide m i x t u r e see 
Table II) mixed with 150 g of nominal 120-nnesh a lumina . 

t=Based on the quanti ty of plutonium re ta ined in the a lumina bed and that fed to the f luid-bed r e a c t o r 
CThe F . P , m i x t u r e contained the following ox ides : La^Oj, CeO^, P r t O „ , N d , 0 , . S m , 0 , Eu.O 

GdjOj, YiOj, BaO. and ZrOa, . ' J 2 ) 2 !• 

F i g u r e s in p a r e n t h e s e s a r e the cumula t ive quanti ty of plutonium fed to the fluid-bed r e a c t o r 
^The F , P , m i x t u r e contained those oxides l is ted in footnote c plus MoO,, 
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LEGEND 

o CURVE A(no Mo present) 

A CURVE B ( M o present) 

— • — P u CONCENTRATION ON 
AI2O3CORRESPONDING TO 
REMOVAL OF 9 9 % OF Pu 
FED TO REACTOR 

J L -J \ L 

and then d e c r e a s e d g r a d u a l l y to a 
va lue of 0.014 w / o af ter the fifth 
a d d i t i o n - f l u o r i n a t i o n c y c l e . The 
c o n c e n t r a t i o n of 0.014 w / o p l u t o n i u m 
on the a l u m i n a af ter the fifth and 
l a s t add i t i on - f luo r ina t i on cyc le c o r 
r e s p o n d e d to vo l a t i l i z a t i on of g r e a t e r 
than 98% of the p lu ton ium c h a r g e d to 
the r e a c t o r . If the p lu ton ium leve l 
of the a l u m i n a bed r e m a i n e d at 
0.014 w / o for two addi t iona l 
a d d i t i o n - f l u o r i n a t i o n c y c l e s , then 
the a l u m i n a would conta in 1% or 
l e s s of the p lu ton ium c h a r g e d to the 
r e a c t o r . T h e s e r e s u l t s do not show 
a s igni f icant i n c r e a s e in p lu ton ium 
r e t e n t i o n on the a lumina due to the 
p r e s e n c e of M0O3 in the F . P . 
m i x t u r e . 

Fig. 4. 

If the s y s t e m mal func t ion tha t 
caused the g r e a t e r p lu ton ium r e t e n 
t ion on c e r t a i n a d d i t i o n - f l u o r i n a t i o n 
c y c l e s had not o c c u r r e d , it i s p r o b a b l e 
tha t in both s e r i e s of e x p e r i m e n t s the 
p lu ton ium c o n c e n t r a t i o n on the a lu 
mina would have ach ieved su i t ab ly 
low va lue s af ter only two or t h r e e 
add i t i on - f l uo r ina t i on c y c l e s . The p lo t s 
of F ig . 4 show tha t , for the e x p e r i 

m e n t s in which the F . P . m i x t u r e did not con ta in mo lybdenum, the p lu ton ium 
c o n c e n t r a t i o n on the a l u m i n a w a s at the d e s i r e d leve l af ter the second 
a d d i t i o n - f l u o r i n a t i o n c y c l e . F u r t h e r , the p lo ts a f te r the four th add i t ion-
f l u o r i n a t i o n cyc l e for C u r v e A, and a f te r the t h i r d add i t i on - f l uo r ina t i on cyc le 
for C u r v e B, show the s i m i l a r change in the p lu ton ium c o n c e n t r a t i o n on the 
a l u m i n a wi th s u b s e q u e n t cyc l e s for the two se t s of e x p e r i m e n t s . 

NUMBER OF ADDITION-FLUORINATION CYCLES 

Effect of the Reuse of Alumina Bed for 
Several Additions and Fluorinations 
and of the Presence of Molybdenum 
in the F.P, Mixttu-e on the Plutonium 
Retention on the Alumina. (For 
listing of data, see Table VII.) 

The f luor ide conten t and s u r f a c e a r e a of the a lumina bed, l i s t ed 
in T a b l e VIII and shown in F i g . 5, w e r e d e t e r m i n e d af ter each add i t ion-
f l u o r i n a t i o n cyc l e for the s e r i e s of e x p e r i m e n t s l i s t ed in Sec t ion B of 
T a b l e VII. The f luor ide con ten t of the a l u m i n a bed showed an a v e r a g e in 
c r e a s e of about 0.5% p e r a d d i t i o n - f l u o r i n a t i o n cyc le following the 1.4% 
l e v e l r e a c h e d a f te r the f i r s t a d d i t i o n - f l u o r i n a t i o n c y c l e . S u r f a c e - a r e a 
m e a s u r e m e n t s by the B E T me thod showed a va lue of 0.08 sq m / g af ter the 
f i r s t a d d i t i o n - f l u o r i n a t i o n c y c l e , * r i s i n g to a va lue of 0.13 sq m / g af ter 
the second a d d i t i o n - f l u o r i n a t i o n . The s u r f a c e a r e a was 0.20 sq r n / g af ter 
the t h i r d cyc le and r e m a i n e d r e l a t i v e l y cons t an t for the fourth and fifth 
c y c l e s . 

• O r i g i n a l s u r f a c e a r e a of the 1 2 0 - m e s h a l u m i n a was 0.011 sq m / g . 
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T A B L E VIII. Sur face A r e a of A lumina Bed and P e r c e n t C o n v e r s i o n 
of Alumina to A l u m i n u m F l u o r i d e ^ 

f luor ina t ion 
Cycle 

1 
2 

3 
4 

5 

Analy 

F , % 

1.74 
2.68 
3.60 
3.90 
4.60 

F l u o r i d e 
s i s of Alumina 

Total 
F . g 

10.02 
15.30 
20.74 
22.46 
26.08 

F asb 
AIF3, g 

8.95 
13.13 
17.34 
18.09 
20.78 

AI2O3 C o n v e r t e d 
to AIF3, % 

1.41 
2.06 
2.72 
2.84 
3.26 

Sur face A r e a of 
Bed, sq m/g '^ 

0.08 
0.13 
0.20 
0.19 
0.18 

^ F o r e x p e r i m e n t s l i s t ed in Sect ion B of Table VII. 
" T h i s va lue obtained by sub t r ac t i ng f luor ide due to u r a n i u m and p l u t o 

n ium content of bed and f luor ide combined with F . P . e l e m e n t s f r o m 
the to ta l f luor ide as d e t e r m i n e d by a n a l y s i s . 

•-Surface a r e a s obtained by B E T method . Sur face a r e a of u n t r e a t e d 
1 2 0 - m e s h a lumina is 0.011 sq rn /g . 

A SURFACE AREA 

O A l j O j CONVERTED TO A1F3,% 

0 1 2 3 4 5 6 

NUMBER OF ADDITION-FLUORINATION CYCLES 

Fig. 5. Change in Surface Area and Conversion 
of Alumina to AIF3 as a Function of 
Reuse Cycles of an Alumina Bed. 
(For listing of data, see Table VIII,) 

Ana lys i s of the bed for m o l y b 
d e n u m af ter the second add i t ion-
f luor ina t ion cycle (Tab le VII, Sec t ion B) 
indica ted that l e s s than 3% of the 
mo lybdenum fed to the r e a c t o r r e 
ma ined in the a l u m i n a bed. The a n a l y 
s i s , c a r r i e d out by a c o l o r i m e t r i c 
method , ind ica ted the m o l y b d e n u m con
tent of the bed to be l e s s than 0.004 w / o . 
It i s l ikely that the m o l y b d e n u m content 
of the bed is ac tua l ly s igni f icant ly l e s s 
than 0.004 w / o s ince an X - r a y f l u o r e s 
cence scan of a s a m p l e of the bed 
(purpor ted to be s ens i t i ve to c o n c e n 
t r a t i o n s of mo lybdenum in the p p m 
range) showed no d e t e c t a b l e m o l y b 
denum. F o r c o m p a r i s o n , it m a y be 
noted that one addi t ion of the F . P . 
m i x t u r e would r e s u l t in a r e s i d u a l 
concen t r a t i on of 0.06 w / o m o l y b d e n u m 
in the bed if none of the m o l y b d e n u m 
was r e m o v e d f rom the bed. 

The r e s u l t s obta ined in t h e s e 
a l u m i n a - r e u s e e x p e r i m e n t s show that 
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such multiple use of an alumina bed is feasible and that the plutonium con
tent of the alumina can be held to less than 1% of that fed to the reactor . 
It was also shown that, under these reaction conditions, larger quantities 
of plutonium can be fed to the reactor (Cycle 8, Section A of Table VII) 
without increasing the plutonium content of the alumina to an excessive 
value as previously experienced (cf. last entry, Table IV) when this amount 
of plutonium was fluorinated in a new alumina bed. These data also show 
that the presence of M0O3 in the F .P . mixture does not material ly in
crease the retention of plutonium on the alumina. Finally, the surface 
area and fluoride content data for the alumina bed (Table VIII, Fig. 5) in
dicate that these secondary effects would not seriously hamper the reuse 
of the alumina bed by the production and accumulation of fines. 

D. Fluorination of Simulated Reaction Products Resulting from HF-
promoted Oxidation of Stainless-s teel-clad Uranium Dioxide Fuel 

The HF-promoted oxidative decladding of s ta inless-s teel-c lad fuel 
elements has been studied at BNL'' and at ORNL and ANL.* This process 
step involves the chemical destruction of the cladding by reaction at tem
pera tures from 550 to 650°C using an oxygen-HF mixture containing 
40 v/o HF. The decladding reaction would result in the formation of a 
considerable amount of iron and chromium oxides (Fe203, Cr203) in the 
alumina bed, in addition to uranium and plutonium fluorides and oxy-
fluorides. As much as 5 to 10% of the resulting alumina bed would be 
composed of iron and chromium oxides. Experiments were performed to 
determine if the presence of the decladding products would affect the plu
tonium retention in the alumina bed. 

The use of the HF-promoted oxidation step would result in an alu
mina bed containing the decladding product and fuel-element components 
dispersed throughout the alumina. For these experiments, the solid 
reaction charge containing PUF4, UO2F2, F .P . fluorides, s ta in less-s tee l -
decladding product, and Type T-61 alumina was placed in the reactor and 
fluorinated. During the initial fluorination carr ied out for about 1 hr, the 
gas phase contained 5 to 20 v/o fluorine in nitrogen and the reaction tem
pera ture was 450°C. During this portion of the reaction, the gas phase was 
passed through a se r ies of cold t raps to remove the UF^ and PuFj,. The 
uncondensed gases were then passed through an activated alumina trap to 
dispose of the fluorine, and the nitrogen was vented to the box atmosphere. 
After the initial reaction period, the system was put on recycle and the 
gas phase was changed to 100% fluorine. During the recycle period, the 
gas phase was passed from the reactor through the cold t raps to remove 
UF4 and PuF^ and then returned to the reactor by means of the Lapp pump. 
The recycle periods were 4 hr at 450°C, 5 hr at 500°C, and 10 hr at 550°C. 
Samples of the starting mater ia l and the bed remaining after the experi
ment were taken and analyzed for uranium and plutonium content to allow 
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calculation of the degree of removal affected by the fluorination t reatment . 
Three experiments were performed, the third experiment involved a further 
addition of the solid reaction charge to the alumina bed used for the second 
experiment. 

The quantities of materials in the solid charge, the reaction condi
tions, and the results obtained for these experiments are listed in Table IX 
For the two single addition-fluorination experiments, the alumina beds 
contained 0.0087 and 0.010 w/o plutonium and 0.041 and 0.012 w/o uranium, 
respectively. The data listed for the last entry in Table IX are for the 
second addition-fluorination to the alumina bed resulting from the second 
experiment listed in Table IX. The plutonium and uranium concentrations 
in the alumina bed after this experiment were 0.0 14 and 0.033 w/o, r e 
spectively. This modest increase in plutonium concentration on the alu
mina indicates that multiple use of an alumina bed for this type of solid 
charge could be successfully accomplished. 

TABLE IX- Fluid-bed Fluorinations of UOjFj. PUF4. F .P. Fluoride, and 
Stainless-steel-decladding Product Mixtures 

Fluorination Periods 
1st period: 450°C, 1 hr . 5-20% Fj 

4 hr, 100% F2 
2nd period: 5 hr, 500°C. 100% F; 
3rd period: 10 hr, 500°C, 100% Fj 

Gas flow rate: 8 l i ters /min (at 1.32 atm) 

Linear velocity of gas phase : 0.67 ft/scc (at 500°C) 

Exp . 
No. 

1 

2 a 

2 b 

P u 

1.252 
0 .943 
0 .943 

(1.886)f 

F 

U 

2 54 
191 

191 

eed M a t e r i a l , ^ g 

F P , ' ' P r o d u c t ^ 

2.28 45.0 
1.71 33.8 
1.71 45.0 

A l j O / 

5 7 0 

4 2 8 

4 5 5 

C o n c e n t r a t i o n 

P u 

w / o g 

0 .0087 0 .053 
0.010 0 .048 
0.014 0,069 

in AI2O3 

U 

w,/ 0 

0 .041 
0.012 
0 .033 

i Bed 

g 

0.240 
0 .056 
0 .165 

V o l a t i l i z e d , ^ % 

95.8 
94.9 
96 .3 

^Mixture of PUF4. U02F2. F.P, fluorides, stainless-steel-decladding products, and alumina. 
bPrepared by fluorination of a mixture of 10 oxides (see note a, Table VI), 
*^Prepared by the HF-O2 reaction with Type 304 stainless steel, 
"Type T-61 alumina having a median particle size of about 150 microns and a part ic le-s ize 

range of 80 to 250 microns, 
^Based on plutonium remaining in alumina bed and total quantity of plutonium fed to reactor. 
fCumulative plutoniun:i added in Experiments 2a and 2b. 

A material balance was made for iron and chromium for an experi
ment of the type described above. In this experiment, a mixture containing 
1.6 g of PUF4, 300 g of UO2F2, 2.3 g of F .P. fluorides, 33 g of s tainless-
steel-decladding product, and 430 g of alumina was fluorinated for 20 hr 
at temperatures between 450 and 550°C._ The stainless-steel-decladding 
product, prepared by the HF-promoted oxidation of Type 304 stainless 
steel, was analyzed and shown to contain, as major constituents, 47.6% 
iron and 12.8% chromium. 
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The d i s t r i b u t i o n of i r o n and c h r o m i u m in the r e a c t o r s y s t e m for 
such a t yp i ca l e x p e r i m e n t i s shown on the d i a g r a m of the r e a c t o r s y s t e m 

in F i g . 6. The l a r g e s t amount of i r o n (96%) 
r e m a i n e d in the a l u m i n a bed of the r e a c t o r , 
and 3% was found in the d i s e n g a g i n g -
c h a m b e r r e s i d u e . Howeve r , only 35% of 
the c h r o m i u m r e m a i n e d in the a l u m i n a bed, 
2% a p p e a r i n g in the d i s e n g a g i n g - c h a m b e r 
r e s i d u e . The we igh t s of the a lumina bed 
and the d i s e n g a g i n g - c h a m b e r r e s i d u e w e r e 
467 and 1.9 g, r e s p e c t i v e l y . A s m a l l amount 
of c h r o m i u m (about 1%) was found in the 
ou t s ide f i l te r c h a m b e r u p s t r e a m of the 
r e a c t o r . T h e s e da ta ind ica te that a s u b 
s t an t i a l p o r t i o n of the c h r o m i u m in i t i a l ly 
p r e s e n t in the r e a c t i o n s y s t e m wil l be 
t r a n s f e r r e d along with the vo la t i l e UF^ and 
PuF6 . 

TO HEXAFLUORIDE 
TRAPPING SYSTEM 

OUTSIDE FILTER CHAMBER 

Fe, CM g; Fraction of Input, 0,00 
Cr, 0,M g; Fraction of input 0.01 

DISENGAGING CHAf,1BER 

Fe, 0,55 g; Fraction of Input, 0,03 
Cr, 0.07 g; Fraction of fnput, 0.02 

Fe, 15,ag: Fraction of Input, 0,96 
Cr, l,5g; Fraclion of Input 0,35 

While the cold t r a p s w e r e be ing r e 
moved for weighing af ter t he se e x p e r i m e n t s , 
a c i n n a m o n - r e d vapor was not iced coming 
f r o m the tubing above the c o l d - t r a p va lve . 
Th i s m a t e r i a l had a c c u m u l a t e d in the tubing 
connec t ion be tween the c o l d - t r a p va lve and 
the va lve on the manifold . The only c h r o 
m i u m compound conta in ing f luor ine that 

c o r r e s p o n d e d in v o l a t i l i t y and co lo r to that o b s e r v e d is c h r o m y l f luor ide 
(Cr02F2) . A t t e m p t s to identify th i s m a t e r i a l by i n f r a r ed a b s o r p t i o n a n a l y s i s 
w e r e not s u c c e s s f u l . H o w e v e r , w o r k e r s at BNL o b s e r v e d th is s a m e m a 
t e r i a l d u r i n g the f luo r ina t ion of s t a i n l e s s - s t e e l - d e c l a d d i n g p roduc t and w e r e 
able to ident ify it a s Cr02F2 by m e a n s of i n f r a r ed a n a l y s i s . 

Fig. 6, Typical Distribution of Iron 
and Chromium in Fluid-bed 
Reactor System. (For ex
periments of the type de
scribed in Table IX.) 

E . D e t e r m i n a t i o n of R e s i d u a l P l u t o n i u m in R e a c t o r S y s t e m 

A s e r i e s of b lank e x p e r i m e n t s w a s p e r f o r m e d to d e t e r m i n e the 
ex ten t of r e t e n t i o n of p lu ton ium in the f lu id-bed r e a c t o r . T h e s e e x p e r i 
m e n t s w e r e p e r f o r m e d to d e t e r m i n e the con t r i bu t ion by p lu ton ium r e t a i n e d 
on the r e a c t o r s u r f a c e s to the p l u t o n i u m - c o n c e n t r a t i o n l e v e l s on the a lumina 
ob ta ined d u r i n g r e g u l a r e x p e r i m e n t s . Some of t h e s e b lank e x p e r i m e n t s w e r e 
c a r r i e d out a f te r r e g u l a r e x p e r i m e n t s had b e e n comple t ed us ing high l e v e l s 
of p l u t o n i u m (9 g), and s o m e w e r e c a r r i e d out af ter e x p e r i m e n t s had b e e n 
c o m p l e t e d u s i n g low l e v e l s of p l u t o n i u m (1.2 g). One e x p e r i m e n t was c a r 
r i e d out a f t e r new d i s e n g a g i n g - c h a m b e r f i l t e r s , a new c o l d - t r a p p i n g m a n i 
fold, and new cold t r a p s w e r e i n s t a l l e d . F o r t h e s e b lank e x p e r i m e n t s , a 
s h o r t f e e d i n g - f l u o r i n a t i o n p e r i o d a t 500°C was u s e d du r ing which 170 g of 
a l u m i n a w a s fed into the 4 0 0 - g a l u m i n a bed , followed by a r e c y c l e -
f l u o r i n a t i o n p e r i o d of 10 h r at 550°C. 
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The r e s u l t s obta ined and the r e a c t i o n cond i t i ons u s e d for t h e s e ex 
p e r i m e n t s a r e l i s t ed in Tab le X. F o r the " c l e a n " r e a c t i o n s y s t e m ( E x p e r i 
m e n t 1, Tab le X), the a l u m i n a bed con ta ined 0.0007 w / o p l u t o n i u m , which 
can be c o n s i d e r e d to be the lowes t l eve l of p lu ton ium l ike ly to be o b s e r v e d 
in the r e a c t o r s y s t e m . F o r the two b lank e x p e r i m e n t s fol lowing low-
p l u t o n i u m e x p e r i m e n t s ( E x p e r i m e n t s 2 and 3, Tab le X), the a l u m i n a b e d s 
con ta ined 0.0015 and 0.0055 w / o p lu ton ium. The four th e x p e r i m e n t l i s t e d 
in Tab le X, which was p e r f o r m e d following a h i g h - p l u t o n i u m e x p e r i m e n t , 
r e s u l t e d in a c o n c e n t r a t i o n of p lu ton ium on the a l u m i n a of 0 .0045 w / o . On 
the b a s i s of t h e s e r e s u l t s it a p p e a r s that an a v e r a g e va lue of 0 .003 w / o 
p lu ton ium on the a l u m i n a could be c o n s i d e r e d a s the b a c k g r o u n d l e v e l in 

T A B L E X. D e t e r m i n a t i o n of R e s i d u a l P l u t o n i u m in R e a c t o r S y s t e m 

F e e d i n g - f l u o r i n a t i o n P e r i o d 
T e m p e r a t u r e : 500°C 
Tota l gas flow: 12 l i t e r s / m i n (at r o o m 

t e m p and 1.32 a t m ) 
L i n e a r ve loc i ty : 0.98 f t / s e c 
F l u o r i n e c o n c e n t r a t i o n 

in to ta l flow: 20 v / o 
A lumina in bed: 400 g 
A lumina in feed: 170 g 

R e c y c l e - f l u o r i n a t i o n P e r i o d 
R e c y c l e p e r i o d : 550°C, 10 h r 
To ta l gas flow r a t e : 8 l i t e r s / m i n (at 1.32 a tm) 
L i n e a r ve loc i ty of gas p h a s e ; 0.7 1 f t / s e c 
F l u o r i n e c o n c e n t r a t i o n : 100% 

Blank 
Exp. No. 

1 

2 

3 
4 

P r e v i o u s H i s t o r y 
of R e a c t o r 

" C l e a n " ^ 
Low P u ^ 
Low P u ^ 
High Pu'^ 

P u 

A 

i n 

Alumina 

w / o 

0.0007 
0.0015 
0.0055 
0.0045 

na ly t i ca l 

B e d 

g 

0.004 
0.011 
0.033 
0.028 

R e s u l t s 

P u m 

i n g 

w / o 

0.50 
0.32 
0.24 
0.32 

D i s e n g a g -
Ch, a m b e r 

g 

0.006 
0 .006 
0.017 
0.060 

^Befo re th i s e x p e r i m e n t , new d i sengag ing c h a m b e r f i l t e r s , new cold t r a p s , 
and a new c o l d - t r a p manifold had been in s t a l l ed . 

^ B e f o r e th i s e x p e r i m e n t , an e x p e r i m e n t had been p e r f o r m e d us ing 1.2 g of 
p lu ton ium in feed c h a r g e . 

"^Before th i s e x p e r i m e n t , an e x p e r i m e n t had b e e n p e r f o r m e d us ing 9 g of 
p lu ton ium in feed c h a r g e . 
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the 1 j - i n . - d i a m reaction system. Also listed in Table X are the plutonium 
contents of the alumina residues retained on the walls of the disengaging 
chamber. These resul ts show that the disengaging-chamber residues con
tained as much plutonium as was contained in the alumina bed. This fact 
suggests that the principal source of this residual plutonium in the system 
was the loose powder on the walls and filters of the disengaging chamber. 

Another source of plutonium holdup in the reactor system is the 
permanent cake formed on the disengaging-chamber fil ters. This cake, 
which is composed of fines from the fluid-bed alumina and uranium and 
plutonium compounds, improves the filtering character is t ics of the 
sintered-nickel f i l ters by producing a more uniform pore-s ize distr ibu
tion on the surface of the filter. Two 6-in.-long, sintered-nickel, bayonet 
f i l ters ,* with an average pores size of 10 jj. and with a total active surface 
area of 30 sq in., were removed from the reactor after 26 experiments. 
The mater ia l on the surfaces of the filters was removed and analyzed for 
plutonium and uranium. The analysis showed a total of 2.6 mg of pluto
nium and 132 mg of uranium. These quantities represent 0.09 mg of 
plutonium and 4 mg of uranium per square inch of filter surface. During 
the 26 exper iments , about 26 g of plutonium hexafluoride passed through 
these fi l ters at approximately 200°C. Therefore, about 3.5 x 10'^ mg of 
plutonium was retained per square inch of filter surface per grain of 
PuFj, through the f i l ters . 

F. Autoradiography of Plutonium Contained on the Alumina 

It is important to establish whether the plutonium is located on the 
surface of the alumina par t ic les or dispersed throughout the body of the 
part icle; this information is needed to guide further efforts toward lower
ing the retention of plutonium on alumina or devising means of removing 
the plutonium retained on the alumina. Autoradiographic experiments 
were performed to determine the location of the plutonium retained on the 
alumina of fluorinated fluid beds. The autoradiographic method, using 
the alpha activity of the plutonium to indicate the location of the plutonium 
on (or in) the alumina par t ic les , was chosen as the experimental method. 
Adams and Steunenberg'" showed that the site of plutonium in a metal 
matr ix can be located by this method. The t racks developed by the alpha 
part ic les in a photographic emulsion are readily distinguishable from the 
general darkening produced by beta radiation. 

The alumina from two fluid beds was chosen for this work. One 
bed contained 0.12 w/o plutonium on the alumina, the second bed contained 
0.005 w/o plutonium on the alumina. The bed mater ia ls were screened 
to select the largest par t ic les of the nominal 120-mesh alumina. The 

*Pall Corp., Micro Metallic Division, Maywood, Illinois. 
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f r a c t i on r e t a i n e d on a 1 0 0 - m e s h s c r e e n (about 5% of the o r i g i n a l bed) w a s 
u s e d in t h e s e e x p e r i m e n t s . P h o t o m i c r o g r a p h s of the a l u m i n a con ta ined in 
th i s 1 0 0 - m e s h f r ac t ion showed that the p a r t i c l e s w e r e v e r y i r r e g u l a r in 
shape . 

The p r o c e d u r e used for the a u t o r a d i o g r a p h i c e x p e r i m e n t s w a s a s 
fo l lows: A s m a l l quant i ty of a l u m i n a , about 1 to 3 m g , was moun ted in c l e a r 
p l a s t i c * and po l i shed th rough 6 0 0 - g r i t e m e r y p a p e r to e x p o s e a c r o s s s e c 
t ion of the a l u m i n a g r a n u l e s . Each mount conta in ing the a l u m i n a p a r t i c l e s 
w a s then c l eaned in an u l t r a s o n i c ba th to r e m o v e loose r a d i o a c t i v e p a r t i c l e s . 
Th i s p r o c e d u r e was p e r f o r m e d in a spec i a l a l p h a - h a n d l i n g m e t a l l u r g i c a l 
fac i l i ty . The moun t s w e r e next moved to an open - f aced hood and c l eaned 
again , us ing f i r s t a soap solut ion and then a so lu t ion of V e r s e n e . Swipes 
t aken of the s u r f a c e s of the moun t s af ter th i s c lean ing p r o c e d u r e sho^ved 
no loose r a d i o a c t i v e p a r t i c l e s . The s u r f a c e s of the a m o u n t s w e r e counted 
and showed 10,000 d i s / m i n for the mount conta in ing the 0.005 w / o 
p l u t o n i u m - a l u m i n a , and 500,000 d i s / m i n for the mount con ta in ing the 
0.12 w / o p l u t o n i u m - a l u m i n a . AU o ther s u r f a c e s of the m o u n t s showed 
l e s s than 2000 d i s / m i n . As a final p r e c a u t i o n , the m o u n t s w e r e d ipped in 
a 1.5% solut ion of vinyl p l a s t i c d i s so lved in m e t h y l ethyl ke tone to c o v e r 
the s u r f a c e s with a thin l a y e r of p l a s t i c . The mounted s p e c i m e n s w e r e 
then moved to a d a r k r o o m , and Kodak AR-10 a u t o r a d i o g r a p h i c e m u l s i o n s 
w e r e p laced in contac t with the ac t ive s u r f a c e s of the m o u n t s by the u s u a l 

t echn ique . E x p o s u r e s of f r o m 5 h r 
to 5 days w e r e m a d e , af ter which 
the r a d i o g r a p h i c e m u l s i o n s w e r e 
developed in p l a c e . 

The e m u l s i o n s w e r e r e m o v e d 
f rom the mo u n t s and p laced on m i 
c r o s c o p e s l i d e s . Each a u t o r a d i o -
g raph of an individual a l u m i n a 
p a r t i c l e showed a d e n s e band con 
ta ining alpha t r a c k s s u r r o u n d i n g an 
a r e a f ree of a lpha t r a c k s . F i g u r e 7 
is a m i c r o g r a p h of the e m u l s i o n , 
mounted on a m i c r o s c o p e s l i de , 
a f ter a 5-hr e x p o s u r e of the a l u m i n a 
conta ining 0.12 w / o p lu ton ium. The 
d a r k ou t l ines a r e due to a lpha p a r 
t i c l e s and m a r k the shape of the 

a l u m i n a g r a i n s ; individual alpha t r a c k s can be s e e n on the edges of the 
d a r k e n e d a r e a s . This m i c r o g r a p h c l e a r l y shows that the p lu ton ium is 
p r e s e n t on the s u r f a c e s of the a lumina p a r t i c l e . 

l'-8-7-j:. 

Fig. 7. Micrograph of Autoradiographic Emulsion, 
Showing Alpha Tracks due to Plutonium 
on Surface of Fluid-bed Alumina 

• T r a n s o p t i c M o u n t i n g P o w d e r ( L u c i t e ) , B u e h l e r , L t d . , E v a n s t o n , U l i n 
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^- Leaching of Plutonium from Alumina Used in Fluid Beds 

A brief study was made to determine the efficiency of removal of 
Plutonium from fluid-bed alumina by leaching with nitric acid. Recovery 
of plutonium by acid leaching is not expected to be a process operation, 
but was investigated only as a backup procedure if some malfunction should 
prevent removal of the plutonium by the fluorination method. 

Alumina beds resulting from two different fluid-bed fluorination 
experiments were used in the leaching experiments. One of the alumina 
beds contained 0.011 w/o plutonium, 0.014 w/o uranium, 3.3 w/o iron, and 
0.32 w/o chromium. The second alumina bed contained 0.118 w/o plutonium 
and 0.024 w/o uranium, but did not contain iron or chromium. The leaching 
solution used was 6N nitric acid-0.1 M aluminum nitrate. The aluminum 
nitrate is added to complex the fluoride ion and aid in the dissolution. 

Leaching experiments were performed for 1, 3, and 5 hr at 100°C 
for each alumina bed. In each experiment, 50 g of the alumina bed were 
slurried with 100 ml of the nitric acid-aluminum nitrate solution. After 
the leaching period, the solution was decanted from the solid and filtered 
into a volumetric flask. The solution was then diluted to a known volume 
by adding additional quantities of the nitric acid-aluminum nitrate mixture 
used to r inse the solid residue at room temperature. The solution was 
sampled and submitted for plutonium and uranium analyses, and for iron 
and chromium analyses for samples in which these elements were present. 
The solid residue was dried, ground, and submitted for the same analyses. 
The filter papers were also submitted for plutonium analysis. 

The data obtained from these two series of leaching tests are listed 
in Table XI. For the ser ies of experiments using alumina bed 1, containing 

TABLE X I , Recovery of P lu ton ium from Alumina Beds by Leacf l ingwit f i Nitr ic Acid 

leach ing acid composit ion: 6N HN03-0,lfW AHNO3), 

hr 

1 
3 
5 

1 
3 
5 

Leaching 
Conditions 

Temp, 
-c 

100 
100 
100 

100 
100 
100 

P 

mg 

3.3 

4.7 

48 
51 
51 

* 

60 
76 
86 

81 
86 
66 

Compos 

Total Weight 
of Elements 

U 

mg 

4.1 
5.3 

15 
14 
15 

Ion of bed used; 50g co 

Bedh 

ntaining: 
5.5 mg Pu (0.011 w/o), 
7,0 mg U (0,014 w/ol, 
1650 mgFe (3.3 w/ol, and 
160 mg Cr (0.32 w/o). 

„ . , [59 mgPu 10.118 W/Q) and 
" l l 2 mg U lO.OZd w/o). 

and Percentage of Original Quantity 
n Alumina Found in Leach Solution 

fe Cr 

% mg * mg 

A. EKperiments Using Alumina Bed 1 

59 1170 69 UO 
76 1360 83 134 

1440 87 141 

B. Experiments Using Alumina Bed 2 

125 - - -
116 - - -
125 - - -

% 

69 
84 
88 

w/o 

0,003 
O.OOZ 
0.002 

0.012 
0.007 
0,008 

Pu Remaining 
Alumina after L 

mg 

1,4 
0.8 
1.2 

5.9 
3,3 
3.9 

Percentage of 
Original Pu 

25 
15 
22 

10 
6 
7 



i r o n and c h r o t n i u m a s wel l as p lu ton ium and u r a n i u m (Sec t ion A of T a b l e XI; , 
the l each so lu t i ons con ta ined 60, 76, and 80% of the o r i g i n a l p l u t o n i u m p r e s 
ent on the a l u m i n a for the 1-, 3 - , and 5 -h r t e s t s at 100°C, r e s p e c t i v e l y . The 
c o r r e s p o n d i n g sol id r e s i d u e s con ta ined 25, 15, and 22% of the o r i g i n a l p l u 
ton ium content of the a l u m i n a , c o r r e s p o n d i n g to a r e d u c t i o n in the p l u t o n i u m 
con ten t of the a l u m i n a by about a f ac to r of five f r o m 0.011 w / o to about 
0.002 w / o . The so lu t ions con ta ined 59 and 76% of the u r a n i u m o r i g i n a l l y 
p r e s e n t on the a l u m i n a for the 1- and 3 -h r t e s t s , r e s p e c t i v e l y . The u r a n i u m 
da t a obta ined for the 5 -h r t e s t gave an a n o m a l o u s r e s u l t ( g r e a t e r than 200% 
r e c o v e r y ) and was d i s c a r d e d . The so lu t ions a l so con ta ined 69, 83 , and 87% 
of the i r o n and 69, 84, and 88% of the c h r o m i u m for the 1- , 3 - , and 5 - h r 
t e s t s , r e s p e c t i v e l y . 

F o r the s e r i e s of e x p e r i m e n t s u s ing a l u m i n a bed 2 (Sec t ion B of 
Tab le XI) in which the a l u m i n a did not con ta in i r o n or c h r o m i u m , the l e a c h 
so lu t ions con ta ined 8 1 , 86, and 86% of the p l u t o n i u m o r i g i n a l l y p r e s e n t on 
the a l u m i n a for the 1- , 3 - , and 5-hr t e s t s , r e s p e c t i v e l y . The c o r r e s p o n d i n g 
sol id r e s i d u e s con ta ined 10, 6, and 7% of the o r i g i n a l p l u t o n i u m con ten t of 
the a l u m i n a , c o r r e s p o n d i n g to a r e d u c t i o n in the p l u t o n i u m con ten t of the 
a l u m i n a by an o r d e r of m a g n i t u d e f r o m the o r i g i n a l va lue of 0.118 to 
0.010 w / o or l e s s . E s s e n t i a l l y al l of the u r a n i u m con ta ined on the a l u m i n a 
w a s r e m o v e d in al l t h r e e t e s t s . 

The to ta l of p lu ton ium r e c o v e r e d in the so lu t i ons and the sol id r e s i 
dues in al l of the t e s t s did not equal the amoun t c o n s i d e r e d to be in the 
sol id a l u m i n a at the s t a r t of the t e s t s . T h i s d i s c r e p a n c y m a y be due to 
ac tua l v a r i a t i o n in the p lu ton ium con t en t s of the v a r i o u s 50-g s a m p l e s , o r 
l o s s to the s u r f a c e s of the g l a s s w a r e u s e d in handl ing the r e s u l t i n g so lu 
t i ons . The f i l t e r p a p e r s did not con ta in a p p r e c i a b l e a m o u n t s of p l u t o n i u m 
as w a s shown by a n a l y s i s , which ind ica ted only m i c r o g r a n n q u a n t i t i e s to be 
p r e s e n t . If the l each ing r e c o v e r i e s a r e n o r m a l i z e d to the quan t i ty of p lu 
ton ium ac tua l ly found in the so lu t ions and on the sol id r e s i d u e s , t h e n the 
r e c o v e r y in the so lu t ions a r e 7 1 , 84, and 80% for a l u m i n a bed 1, and 89, 
94, and 93% for a l u m i n a bed 2 for the 1- , 3 - , and 5 -h r t e s t s , r e s p e c t i v e l y . 

T h e s e da ta ind ica te that a l each ing p r o c e s s u s ing n i t r i c a c i d -
a l u m i n u m n i t r a t e so lu t ion would eff ic ient ly r e m o v e p l u t o n i u m r e t a i n e d on 
a l u m i n a u n d e r the r a t h e r mi ld r e a c t i o n condi t ions of 100°C and 5 h r e x 
p o s u r e o r l e s s . F o r a l u m i n a beds con ta in ing a p p r o x i m a t e l y 0.1 w / o p lu 
ton ium, the p lu ton ium content can be l o w e r e d to 0.01 w / o o r l e s s . F o r an 
a l u m i n a bed conta in ing about 0.01 w / o p lu ton ium, the p lu ton ium con ten t 
would be r e d u c e d to 0.002 w / o . 



39 

IV. SUMMARY 

Initial experimental work was concerned with exploring the reaction 
conditions necessa ry to effectively convert the uranium and plutonium con
tent of UjOs-PuOj mixtures to their respective hexafluorides. The resul ts 
indicated that a tempera ture of 550°C for reaction t imes of greater than 
10 hr would be necessa ry to achieve effective removal of plutonium from 
an alumina fluid bed. To achieve levels of plutonium on the alumina of less 
than 0.01 w/o , the feeding-fluorination period was carr ied out at 450°C by 
using a gas phase containing 20% fluorine in nitrogen and was followed by 
recycle-fluorination periods (using 100% fluorine) of 5 hr at 450°C, 5 hr at 
500°C, and 10 hr at 550°C. These reaction conditions were those found most 
effective in previous work in which small batches of mater ia ls were reacted 
by means of a boat - reac tor system.^ 

The effect of the presence of a mixture of nonradioactive F .P . oxides 
on the retention of plutonium on alumina was investigated. The F .P . mixture 
contained La^Oj, CeOj, Pr^Ou, NdjOj, SmjOj, EU2O3, GdjOj, YjO,, BaO, 
Zr02, and M0O3. The presence of the F .P . mixture in the UjOg-PuOz r e 
sulted in a substantial increase in the retention of plutonium on the alumina. 
The resul ts obtained in the fluid-bed experiments were identical to those 
previously obtained in the boat- reactor study.^ 

The effect of various reaction conditions on the retention of plu
tonium on alumina was investigated. The resul ts of these investigations 
are l isted in the following discussion: 

1. The effect of the source of plutonium in the UjOg-PuOj mix
tures (whether from the oxidation of a solid solution of PUO2 in UO2 or 
from PuOj mixed with UsOg) on the retention of plutonium on alumina was 
evaluated. The resul ts of experiments using both sources of plutonium 
did not show any effect on plutonium retention. 

2. The addition of bismuth to the solid reaction mixture did not 
result in an increased removal of plutonium from the alumina. 

3. Exper iments were performed to determine the effect of the 
quantity of plutonium and fission products fed to the alumina bed upon the 
retention of plutonium on the alumina. The resul ts of these experiments 
showed that a 7.5-fold increase in the plutonium fed to the reactor in a 
single experiment would resul t in a 20- to 50-fold increase in the plu
tonium retention on the alumina. Increasing the F .P . level 7.5-fold resulted 
in an increase in plutonium retention on the alumina by a factor between 
three and four. 

4. The effect of flow rate of the fluorinating gas phase on the 
plutonium retention on alumina was investigated. Plutonium retention on 
the alumina was minimized with gas flow rate in excess of 6 l i t e r s /min . 
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Under static-bed conditions, with flow rates of less than 1 l i t e r /min , the 
plutonium retention on alumina was unsatisfactorily high. 

5. Plutonium removal was unaffected by the type of alumina 
(either Type RR, fused; or Type T-61 , sintered), or by the par t i c le - s ize 
distribution of the alumina. 

The possible reuse of an alumina bed for several additions and 
fluorinations of nuclear fuel would have potential savings in alumina use 
and in the quantity of waste to be disposed of. Several reuse experiments 
were performed involving an many as eight additions and fluorinations to 
one alumina bed. The reaction conditions used for each feeding-fluorination 
cycle were: feeding-fluorination period, 450°C and a U3O5-PUO2 mixture 
feed rate of about 2 g/min using 20% fluorine; and recycle-fluorination 
periods (using 100% fluorine) of 450°C for 5 hr, 500''C for 5 hr, and 550°C 
for 10 hr. These conditions had been shown to result in removal of 
96-98% of the plutonium in a single addition-fluorination cycle. 

The results obtained in these experiments showed that the plutonium 
concentration on the alumina would reach a value corresponding to less 
than 1% of the total plutonium fed to the reactor after five or fewer reuses 
of the alumina bed. The results also indicated that the presence of molyb
denum in the F .P, mixture did not result in increased plutonium retention 
on the alumina. Deterioration of the alumina, "which if it occurred would 
limit the reuse of the alumina, was not detected by sur face-area or fluoride-
content measurements . 

The effect upon the plutonium retention on the alumina of the 
presence of s ta inless-s teel decladding product formed by the HF-promoted 
oxidation reaction was determined. The resul ts showed that the presence 
of the decladding product did not increase plutonium retention on the 
alumina. It was further shown that essentially all of the iron stayed in the 
fluid bed, but that 60-70% of the chromium was volatilized along with the 
UFf, and PuFj, product. Indications are that the volatile chromium com
pound may have been chromyl fluoride (Cr02F2). 

In an effort to ascertain the degree of plutonium holdup in the 
fluid-bed reactor system, a ser ies of blank experiments was performed. 
The results indicated that a plutonium concentration on the alumina of 
0.003 to 0.004 w/o might be considered as a base concentration for any 
one experiment. Plutonium may also be retained in the reactor in the 
cake deposited on the sintered-nickel bayonet filters of the disengaging 
chamber. Analysis of the filter cake removed from a set of the f i l ters 
showed about 0,09 mg of plutonium and 132 mg of uranium per square inch 
of filter surface. This quantity of plutonium corresponds to about 3.5 /Lig 
of plutonium retained per square inch of filter surface per gram of PuF^ 
passed through the fi l ters. 
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Autoradiographs were made of sectioned alumina par t ic les from 
alumina beds used in the fluorination of U3O8-PUO2-F.P. mixtures . Micro
graphs of the developed autoradiographic emulsions showed clearly that 
the plutonium present on the alumina particle was exclusively in the sur
face and not distributed in the body of the part icle . 

A brief study was made to determine the efficiency of removal of 
plutonium from fluid-bed alumina by leaching with nitr ic acid. Removal 
of plutonium in this manner would permit increasing the recovery of plu
tonium in those cases in which the alumina bed had retained an appreciable 
portion of the plutonium fed to the reactor . The results indicate that plu
tonium retained on alumina could be efficiently removed under rather mild 
reaction conditions: 100°C and 5 hr exposure or less . For alumina beds 
containing approximately 0.1 w/o plutonium, the plutonium content can be 
lowered to 0.01 w/o or l ess . For an alumina bed containing about 0.01 w/o , 
the plutonium content can be lowered to 0.002 w/o. 



A P P E N D I X A 

Techn ique of Sampl ing Alumina Beds and A n a l y t i c a l M e t h o d s U s e d 
to D e t e r m i n e U r a n i u m and P l u t o n i u m Conten t 

1. Technique of Sampl ing Alumina Bed 

After a f luo r ina t ion e x p e r i m e n t , the a l u m i n a bed w a s s a m p l e d to 
obtain p lu ton ium and u r a n i u m a n a l y s e s so tha t the ex ten t of the f l u o r i n a t i o n 
r e a c t i o n could be a s c e r t a i n e d . It w a s n e c e s s a r y to a s s u r e tha t the s a m p l e 
of the bed taken for a n a l y s i s was r e p r e s e n t a t i v e of the t o t a l bed m a t e r i a l . 
A s a t i s f a c t o r y t echn ique of s a m p l i n g was deve loped for t h i s p u r p o s e and is 
d e s c r i b e d in th i s p a r t of t h i s appendix . 

The a lumina bed (about 570 g) was r e m o v e d f r o m the r e a c t o r and 
w a s p l aced in a po lye thy lene b o t t l e , wh ich w a s then r o t a t e d for 1 h r a r o u n d 
i t s long a x i s . Th i s t umbl ing ac t ion of the a l u m i n a in the bo t t l e i n s u r e d a 
homogeneous mix ing of the f ines and a l u m i n a . Fo l lowing the m i x i n g p e r i o d , 
the bed w a s dumped out on a p l a s t i c shee t and a s a m p l e of about 5 g t a k e n 
by coning and q u a r t e r i n g the sol id . Th i s s a m p l e w a s then f inely g r o u n d 
by m e a n s of a p o w e r - o p e r a t e d m o r t a r and p e s t l e and s u b m i t t e d for a n a l y s e s . * 

To d e t e r m i n e the r e p r e s e n t a t i v e n a t u r e of the w i t h d r a w n s a m p l e , 
dupl ica te s a m p l e s w e r e t aken , the e n t i r e p r o c e d u r e being r e p e a t e d for a 
s e r i e s of a l u m i n a fluid b e d s . T h r e e s a m p l e s w e r e t a k e n f r o m e a c h of 
s even di f ferent fluid b e d s . The a n a l y t i c a l r e s u l t s showed a v a r i a t i o n of 
±1.53% in the p lu ton ium content for a l u m i n a b e d s having t o t a l p l u t o n i u m 
conten ts of 50 to 360 m g , and v a r i a t i o n of ±6.63% in the u r a n i u m con ten t 
for a lumina beds having to ta l u r a n i u m con ten t s of 10 to 120 m g . T h e s e da ta 
show that the s a m p l i n g t echn ique was adequa te for t h i s w o r k . 

2. A n a l y t i c a l M e t h o d s f o r U r a n i u m a n d P l u t o n i u m 

T h e f i n e l y g r o u n d a l u m i n a s a m p l e p r e s e n t e d f o r a n a l y s i s i s f i r s t 

c o n v e r t e d t o a w a t e r - s o l u b l e f o r m b y f u s i o n i n a 50 w / o N a C O 3 - 5 0 w / o N a 2 B 0 3 

f l u x . A b o u t 0 . 5 g of t h e a l u m i n a i s m i x e d w i t h 2 , 5 g of t h e f l u x a n d h e a t e d t o 

*The power mortar used for grinding the alumina samples was located in the alpha box containing the 
fluorination equipment. Since the input feed material was handled in the same area of the alpha box, 
cross-contamination of the fluid-bed alumina was a possibility. After each sample was ground, a portion 
of clean alumina was then ground in the agate mortar and pestle as a cleanup step to remove any con
tamination left by the grinding of the experimental sample. To determine the effectiveness of this 
cleanup step, several tests were made to determine the residual plutonium and uranium present in the 
mortar. This was done by grinding a portion of alumina immediately following the grinding of the cleanup-
step alumina and submitting a sample for analysis. The average concentrations of plutonium and uranium 
for two such steps were 0.00036 and 0.0005 w/o, respectively. Since the lowest-concentration experimental 
samples contained about 10 times these levels, the residual plutonium and uranium remaining in the agate 
mortar and pestle would not contribute a significant bias to the experimental sample. 
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lOOO^C for 3 to 8 hr in a platinum crucible. If the alumina used for the fluid 
bed was Type RR, then the 8-hr heating time was needed; however, if 
Type T-61 alumina was used, then the 3-hr heating period was sufficient. 
The cooled melt resulting from the fusion was then dissolved in 3N HNO3, 

Analyses for plutonium and uranium were then made using one or 
more of the following analytical methods. 

a. Radiochemical Analysis for Plutonium 

The solution resulting from dissolution of the melt in 3N HNO3 
was t rea ted with hexone to separate plutonium from americium. A small 
portion of the hexone phase was plated on a metal planchet, and the alpha 
emission due to the plutonium was counted. The size of the plated sample 
was chosen to obtain at least 10^ alpha counts per minute (about 0.2 ûg of 
plutonium) at 2 pi geometry in an alpha gas proportional counter. The total 
count obtained in this manner was converted to counts/min/g of solid 
sample, which could then be converted to mg of plutonium per g of solid 
by using the specific activity of the plutonium used, taking into account the 
counting geonnetry. 

b. F luorometr ic Determination of Uranium 

Another portion of the solution resulting from the dissolution of 
the melt in 3N HNO3 was extracted with hexone with the addition of KI to 
prevent coextraction of plutonium. The hexone phase, containing essentially 
no plutonium, was then analyzed for uranium content by means of the stan
dard f luorometric technique. 

c. X-ray Spectrochemical Analysis 

An X-ray spectrochemical procedure has been developed which 
provides rapid and reliable analysis for plutonium and uranium (and a 
number of other elements) in fluid-bed a lumina ." A finely ground sample 
of the alumina bed is intimately mixed with an equal weight of fine plastic 
molding powder and co ld-pressed in a hydraulic p r e s s . The resultant 
smooth, nonfrangible pellet is encased in a Mylar bag before presentation 
to the X-ray spec t rometer . Analysis consists of comparing the uranium 
or plutonium La X-ray emission-l ine intensities with those from a set of 
s imi la r , chemically analyzed or specially prepared, s tandards. Figure 8 
represents a typical X-ray spectrochemical scan of an alumina-molding 
powder pellet showing the L a lines for uranium and plutonium and a Ka 
line for yt t r ium. The detection limit for uranium and plutonium is 0.006% 
(at the present point of development). 
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Fig. 

Zti ANGLE 

Typical X-Ray Spectrochemical Scan 
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APPENDIX B 

Effect of BiFa on the Fluorination Rates of U3OS and UO2F2 

A thermobalance study of the effect of the addition of BiF3 on the 
rates of fluorination of U3O8 and UO2F2 has been performed. The addition 
of small amounts of BiF3 to the U3O8-PUO2 mixtures used in the fluid-bed 
experiments was considered as a means of obtaining better plutonium re 
moval from the alumina during the fluorination (see Section III-B-3). 

The Sartorious thermobalance was used for this work, which covered 
the range of 400-450°C and used a fluorine flow of 200 cc/min. The fluorin
ation ra tes of BiF3, U30g, UO2F2, and the mixtures BiF3-U308 and BiF3-

The BiF3 used in these experiments was shown by chemical analysis 
to contain 79.4% bismuth and 15.3% fluorine (calculated: 78.6% bismuth and 
21.4% fluorine). The low result for the fluorine analysis indicates the 
presence of a bismuth oxide. 

The resul ts obtained in these experiments are listed in Table XII. 
The presence of 7.5 and 15% BiF3 in U3O8 resulted in fluorination rates 

T A B L E XII . F l u o r i n a t i o n R a t e s of B i F j - U j O g a n d 
B i F s - U O j F j M i x t u r e s on a T h e r m o b a l a n c e 

T e m p e r a t u r e : As i n d i c a t e d ±10°C 
F l u o r i n e f low: 200 c c / m i n , 100% F j 

T e m p e r a t u r e , F l u o r i n a t i o n R a t e , 
M a t e r i a l °C m g / m i n 

B i F , 400 0.4 

B1F3 4 50 2 
B i F j 450 3 

450 1.5 BiFj 

BiFj 

BiFj 

U.Oe 390 0.8 

510 4 

540 6 

450 2 

450 2 

450 2 

400 4 

UjOs 

U3OB 

U3O8 

UO^F^ 
UOjFz 450 50 

7 .5 w / o B i F 3 - 9 2 . 5 w / o U3OB 4 5 0 6 - 8 
15 w / o B i F 3 - 8 5 w / o U3O8 390 0 .4 
15 w / o B i F 3 - 8 5 w / o U30e 4 5 0 14 
15 w / o B i F j - S S w / o U3OJ 4 50 13 
18 w / o B i F 3 - 8 2 w / o UjOe 450 T o o h i g h t o r e c o r d 
20 w / o B i F j - S O w / o U3O8 450 T o o h i g h to r e c o r d 
30 w / o B i F 3 - 7 0 w / o U30e 4 5 0 T o o h i g h to r e c o r d 

10 w / o B i F 3 - 9 0 w / o U O j F j 4 0 0 3.5 
20 w / o B i F 3 - 8 0 w / o UO2F2 4 0 0 2 .9 
30 w / o B i F 3 - 7 0 w / o UO2F2 400 2 . 3 
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at 450''C of 6 and 14 mg/min, respectively. Concentrations of BiF3 above 
20% resulted in fluorination rates that were too rapid to follow on the r e 
corder (>50 mg/min) . At 450°C, BiFj and U3O8 each have fluorination 
rates of about 2 mg/min. The addition of BiF3 to UO2F2 resulted in 
fluorination rates at 400°C lower than those obtained for UO2F2 itself. 
For UO2F2-BiF3 mixtures , fluorination rates of 3.5 and 2.3 mg/min were 
obtained at 400°C for BiF3 contents of 10 and 30 w/o , respectively. The 
fluorination rates of BiF3 and UO2F2 at 400°C are 0.4 and 4 mg/min , 
respectively. 

In summary, the presence of BiF3 in U3O8 greatly increases the 
rate of fluorination of U3O8 in the range studied, 390 to 450°C. The fluorin
ation rate of U3O8 increases with an increase in BiF3 content. The presence 
of BiFj in UOjFj, however, decreases the rate of fluorination of UO2F2 at 
400°C. The UO2F2 fluorination rate decreases with an increase in B1F3 
content. 
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